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illustrative purposes only and is not intended to constitute an endorsement of 
such. Some materials may include information on applications that are not con- 
sidered community standard, that reflect indications not included in approved 
FDA labeling, or that are approved for use only in restricted research settings. 
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Foreword 


How do you teach surgery? How do you learn surgery? We surgeons have vivid memories 
of events in our surgical learning path—the first time we scrubbed in as medical students, 
the first time we sutured a laceration, or the first time we touched a beating heart—and 
many, many more. 

As ophthalmologists, we remember the first successful cataract surgery and the pa- 
tient’s vision the next day—and we remember our first serious intraoperative complica- 
tion and the steps we took to manage it. We likely all shared a similar surgical learning 
process in residency training as we built on our general medical and surgical experience, 
sequentially adding knowledge, specific manual maneuvers, and procedural components 
through a combination of didactics, surgical “wet laboratories,” observation, and super- 
vised patient experience. Then, under supervision, we assembled it all into the complete 
package as primary surgeons. 

Is that the best way to learn surgery? Ultimately, no. In an ideal system, ophthalmic 
surgical simulation technology will soon allow us to gain not only technical proficiency 
but also experience in intraoperative decision making and complication management. 
When surgeons in training then perform their “first cases” as primary surgeons, they will 
do so having had important near-real-life experience. The process will benefit surgeons in 
training and patients alike. 

But surgery is much, much more than the technical performance of a set of skill com- 
ponents. A well-constructed set of surgical learning objectives must involve many subjects, 
including the biomechanics of wound construction and healing, instrument design, surgical 
materials (such as sutures and irrigation fluids), and sterility and infection control. It should 
include patient selection, the informed consent processes, medical ethics, postoperative 
management, and complication avoidance and management, among other topics. 

For ophthalmology, surgery is a core and a complex competency, and education in this 
complex subject remains a process equally daunting for teacher and student alike. Any- 
thing that can facilitate the process benefits future patients. Basic Principles of Ophthalmic 
Surgery, together with the Academy’s companion volume, Basic Techniques of Ophthalmic 
Surgery, packages many of the key elements of the surgical process and environment into 
an invaluable adjunct to the learning program for residents. 

Simulators, texts, and videos are only imperfect tools in this educational process. But 
they can better prepare us to meet its challenges. There is one other critical component 
to surgical education—the experienced operative teacher and mentor who sits (or stands) 
at our sides and guides us through the exciting, exacting, and at times stressful process of 
altering living human tissue. This volume, with both text and video, reflects the commit- 
ment and talents of some of those incredible ophthalmic educators who have shepherded 
the earlier editions. 


xi 


xii e Foreword 


As surgeons we have a profound obligation to our patients. They honor us by trusting 
to us their sight and sometimes their lives. This text acknowledges the scope and complex- 
ity of that obligation. 


David W. Parke II, MD 
Chief Executive Officer 
American Academy of Ophthalmology 


Preface 


Many years ago when the American Academy of Ophthalmology began development of 
Basic Principles of Ophthalmic Surgery, respected educators immediately recognized the 
need for a comprehensive resource to aid in navigating the surgical learning curve ex- 
perienced by all ophthalmology residents. Led by Dr. Anthony Arnold in its inaugural 
edition and by Dr. Thomas Oetting in the second edition, this book shares the collective 
knowledge and experience of passionate surgical educators accumulated over thousands 
of hours of professional dedication. The hope is that residents and educators from around 
the corner and around the world can benefit from this text in traversing among the most 
challenging aspects of residency training: the interface between the patient and the novice 
surgeon. 

This edition is divided into 4 major sections: Evaluation and Preparation, Surgical 
Logistics, Intraoperative Considerations, and Postoperative Considerations. All chapters 
have been updated where appropriate, with particular revisions made to the chapters on 
ergonomics, intraocular fluids, patient safety issues, and postoperative management. 

To all of the authors of this book, we are grateful for your generous contributions of 
time, effort, and expertise, and offer thanks on behalf of many future generations of oph- 
thalmologists. I am also personally grateful for the support of Susan Malloy and Amanda 
Fernandez for their patience and guidance in creating this edition. 


Ayman Naseri, MD 

Ophthalmology Residency Program Director, University of California 

Chief of Ophthalmology at the San Francisco Veterans Affairs Medical Center 
San Francisco, California 
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Evaluation and 
Preparation 


CHAPTER 1 
Ee a a 


Patient Selection 


Maria M. Aaron, MD 


The performance of surgery involves much more than the procedure itself. The beginning 
surgeon often focuses on the successful completion of the technical procedure—merely 
getting from point A to point B—without complications. Successful surgery, however, also 
requires careful patient selection, preoperative evaluation, and postoperative care. This 
chapter focuses on issues of patient selection, including criteria for surgical intervention; 
factors affecting surgical risk; ethical considerations, including informed consent and ad- 
vertising; and the implications of the surgeon's experience. 


Criteria for Surgical Intervention 





Surgeons must carefully assess patients’ concerns and expectations of surgery. Upon re- 
viewing the clinical pathology, they must determine if a surgical procedure will accomplish 
the desired outcome. For example, the patient with mild to moderate macular degenera- 
tion who undergoes cataract extraction might expect 20/20 visual acuity as a result, since 
for some patients this is the outcome of the procedure. The surgeon must communicate 
a reasonable expectation of more limited visual acuity for this patient, though. Moreover, a 
patient with severe macular degeneration and a dense posterior capsule opacity may not 
benefit at all from a YAG capsulotomy, which is often necessary after cataract extraction, 
and therefore the laser procedure is not justified. 

In addition to understanding the patient’s expectations, the surgeon must carefully 
review the clinical findings in order to accurately assess risk, evaluate whether surgery 
is justified, and clearly communicate the risk-benefit ratio to the patient. Careful clini- 
cal evaluation may reveal coexisting disease that could increase the risks of surgery. For 
example, a patient who has a moderate degree of corneal endothelial guttata who is un- 
dergoing phacoemulsification for a dense brunescent lens has the added risk of corneal 
decompensation. Table 1-1 lists common coexisting findings to consider when evaluat- 
ing patients for cataract surgery. While the implications of such abnormalities may vary 
depending upon the clinical situation and the experience of the surgeon, preoperative 
examination should include their consideration in every case. 
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Table 1-1 Common Concerns to Consider Before Cataract Surgery 


Condition 


History 
Previous trauma 


General physical condition 
Congestive heart failure 


Current or prior use of an alpha-blocker 
Dementia 


Severe spine/neck disease 

Anterior segment 

Abnormally deep anterior chamber 
Abnormally shallow anterior chamber 
Corneal scars 

Endothelial guttata 

Exposure keratopathy 

Glaucoma 

History of iritis or inflammatory condition 
Mature cataract or poor red reflex 


Phacodonesis 
Poor pupil dilation 


Prior trabeculectomy 
Pseudoexfoliation 
Posterior segment 
Diabetic retinopathy 
High myopia 

Macular degeneration 


Other macular pathology 
Previous pars plana vitrectomy 


Risk 


Zonular weakness, capsular damage, or iris 
abnormalities 


Inability to lie supine 
Intraoperative floppy iris syndrome 


Altered response to anesthesia, movement during 
procedure 


Inability to lie supine 


Difficulty with surgical maneuvers 

Limited working space, corneal or iris injury 
Poor visualization 

Corneal decompensation 

Corneal decompensation 

Spike in intraocular pressure 

Severe postoperative inflammation 


Need for capsular stain and poor visualization 
of capsulorrhexis 


Zonular weakness 


Need for pupil expansion device, challenging 
nuclear removal, iris prolapse 


Failure of filter 
Poor dilation, zonular weakness 


Progression of disease 
Retinal detachment 


Need for retinal evaluation/treatment, limited 
visual potential 


Guarded visual outcome 
Loss of vitreous support, capsular rupture 





Factors That Affect Surgical Risk 





Ophthalmic surgical procedures are often performed on elderly patients who require 
careful medical evaluation to prevent surgical or systemic complications. While patients’ 
ages do not necessarily correlate with their physical and mental status, older patients often 
have concomitant medical conditions that require multiple medications. Proper preopera- 
tive medical assessment allows for safe selection of surgical candidates and helps ensure a 
smooth operation and course of treatment in those who proceed to surgery. 

Preoperative medical evaluation, either a brief survey by the surgeon or a detailed 
assessment by a medical specialist, depending on the clinical situation, allows for careful 
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selection of those patients who can safely undergo surgery and identification of those who 
either require medical care before surgery or cannot safely proceed. The examiner should 
take a thorough history, which should include questions about medications, allergies, 
bleeding disorders, and prior surgical procedures, during the preoperative assessment. 
When evaluating a patient for cataract surgery, the surgeon should inquire about past or 
current use of alpha-blocking agents such as tamsulosin (Flomax), silodosin (Rapaflo), 
or terazosin (Hytrin), as use of these agents increases the risk of the intraoperative floppy iris 
syndrome (IFIS). The surgeon should also pay careful attention to a patient's use of prod- 
ucts that contain aspirin and other medications that may cause bleeding, including war- 
farin sodium (Coumadin), heparin, and nonsteroidal anti-inflammatory drugs (NSAIDs) 
as well as some of the newer anticoagulants—rivaroxaban (Xarelto), dabigatran (Pradaxa), 
apixaban (Eliquis), enoxaparin (Lovenox)—and herbal therapies such as Ginkgo biloba, 
garlic, and ginger. Many patients are unaware that some of these drugs and supplements 
may cause bleeding and therefore do not report them unless specifically questioned. 

Anticoagulants are of particular concern when eyelid, periorbital or orbital proce- 
dures, and some glaucoma procedures are being considered. In patients who require oral 
anticoagulants for prevention of stroke and transient ischemic attack, suspension of these 
agents carries risks, and so consultation with the patient's physician and alternative an- 
esthesia should be considered. Systemic conditions that may require special evaluation 
or therapy before surgery include cardiac disease, hypertension, pulmonary disease, and 
diabetes mellitus. Implications of anesthesia may be a concern with children and patients 
with altered mental status. 


Cardiac Disease 


Patients with cardiac disease should be evaluated for any recent ischemic events, arrhyth- 
mias, or congestive heart failure (CHF). Patients with severe CHF may have difficulty 
lying supine for the duration of the procedure and may require intensive therapy to opti- 
mize cardiac status before surgery. Ifa patient is unstable or if the surgeon has any degree 
of uncertainty about his or her cardiac stability, the cardiologist or primary care provider 
should evaluate and clear the patient before performance of the ophthalmic procedure. 


Hypertension 


Arterial blood pressure control is essential for patients undergoing ophthalmic surgery, as 
uncontrolled pressure increases risk of cardiovascular complications. Patients with a sys- 
tolic blood pressure over 180 mm Hg or a diastolic blood pressure over 100 mm Hg should 
be evaluated and treated before the performance of an elective procedure, particularly if 
local anesthetic injection is planned. 


Postural Limitations 


Proper positioning of the patient for surgical or laser procedures is essential for uncompli- 
cated, successful surgery. The majority of intraoperative procedures require the patient to 
be in the supine position; however, positioning of patients with severe kyphosis, cerebral 
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palsy, myotonic dystrophy, or obesity may present challenges. These patients may also be 
difficult to position for office procedures at the slit lamp. Adjusting the operating table 
and/or chair, rotating the surgical microscope or laser apparatus, altering the surgical/ 
laser approach, and using pillows, sheets, foam, and so on, are effective techniques for 
minimizing discomfort for patients and surgeons. 


Pulmonary Disease 


Patients with severe chronic obstructive pulmonary disease or asthma will need clearance 
from their pulmonologist or primary care physician before elective surgery. Optimization 
of pulmonary function reduces cardiopulmonary risks of anesthesia. Uncontrolled cough 
increases risk of complications in intraocular surgery, in both intraoperative and post- 
operative periods; patients with this condition require careful screening and management 
before consideration for surgery. 


Diabetes Mellitus 


Optimal control of diabetes mellitus may reduce risks of general anesthesia and postop- 
erative infection. Patients with uncontrolled diabetes mellitus should be evaluated and 
have their treatment managed by a medical specialist before elective ophthalmic surgery. 


Children 


Children who have a family history of unexplained morbidity in association with anesthe- 
sia should be suspected of having a predisposition to malignant hyperthermia, a rare ge- 
netic disorder of the skeletal muscle metabolism. Any such question should be addressed 
by the patient’s medical and anesthesia teams before surgery. Chapter 13 reviews symp- 
toms of malignant hyperthermia; early recognition and action may be lifesaving. 


Altered Mental Status 


Patients with altered mental function present specific problems in understanding surgical 
procedure and postoperative conditions and so may be unable to cooperate for surgery 
under local anesthesia. These patients require the participation of a family member in the 
preoperative, operative, and postoperative states. Additional consideration regarding the 
choice of anesthesia (eg, general or local) is also necessary for these patients. 


Ocular Conditions 


Specific ocular conditions should also be taken into account to ensure proper prepara- 
tion for surgery. Many are listed in Table 1-1, and some require special consideration, 
particularly severe dry eye when lid procedures, refractive surgery, or other corneal or 
intraocular surgeries are being considered. Most commonly, dry eye worsens following 
surgery because of damage to the epithelial cells, the cutting of corneal nerves, or the pro- 
longed use of drops containing preservatives that cause corneal toxicity. Ideally, dry eye 
symptoms should be treated preoperatively and treatment continued in the postoperative 
period for several months. 
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Corneal diseases 

Epithelial, stromal, and endothelial disease can all complicate cataract surgery either by 
obscuring proper visualization during the procedure or by contributing to postoperative 
corneal edema. If possible, corneal diseases should be addressed prior to or during cata- 
ract surgery in order to provide the best possible surgical outcomes. 


Iris abnormalities 

Any conditions causing poor pupillary dilation (eg, pseudoexfoliation, posterior syn- 
echiae) or use of a medication causing IFIS should be noted preoperatively so that they 
can be addressed, helping to prevent difficulty with nucleus removal or iris prolapse. 
Specifically, surgeons should inquire about the use of systemic alpha-blockers for the treat- 
ment of urinary tract symptoms associated with benign prostate hypertrophy. Treatment 
options to consider include iris retractors, pupil expansion rings, and viscoelastic agents 
that mechanically hold the pupil in position. 


Lens concerns 

Extremely dense nuclei, a subluxated lens, or phacodonesis can create challenges during 
cataract surgery. Proper planning regarding technique (ie, conversion to extracapsular 
cataract surgery, a posterior approach to cataract removal, placement of a capsular tension 
ring) can prevent intraoperative complications. 


Ethical Considerations 





Informed Consent 


Chapters 2 and 4 review details of the informed consent process. Regarding patient se- 
lection, however, the following issues apply to the discussion of informed consent: 


1. The surgeon has the responsibility to determine whether a patient is able to under- 
stand the nature of a procedure and its potential risks, and then to make an au- 
tonomous decision whether to proceed. If the patient is unable to do so, or if 
uncertainty exists about a patient’s competence to make this decision, elective 
surgery should be deferred pending clarification of the issue (possibly with legal 
consultation). In some circumstances, a surrogate may make the decision. 

2. Patients have the right to make their own decisions regarding medical treatment, 
and they may contribute to the process of selection for surgery. For example, a 
moderate nuclear cataract in a patient with 20/50 visual acuity may or may not 
require surgery. An airline pilot might desire that the cataract be removed, whereas 
an elderly person may feel comfortable continuing daily life with 20/50 visual 
acuity. 

3. The patient has the right to know if a resident in training, supervised by an expe- 
rienced faculty, will be the primary surgeon for a portion of or for the entirety of 
a procedure. This must be made explicit during the consent process. Patient se- 
lection must take into account those who are uncomfortable with this situation so 
that alternate planning for surgical care can be made. 
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Advertising 


The fundamental principle in medical advertising is that communications to the public 
must be accurate. Individuals who engage in false advertising may be subject to punish- 
ment under state and federal laws, but physicians must also be aware of the rules outlined 
by state medical boards as well as by the American Medical Association's and the Ameri- 
can Academy of Ophthalmology’s ethics codes. Before the twentieth century, advertis- 
ing for patient recruitment was prohibited because it was considered “derogatory to the 
dignity of the profession to resort to public advertisements”; however, in 1977 it became 
unlawful for physicians to restrict advertising. With the recent development of numer- 
ous refractive surgical procedures, the ethical concepts of advertising must be thoroughly 
considered. Care must be taken to portray all aspects of surgery accurately, without mis- 
leading the public, and to avoid claims of superiority or exclusivity that promote a physi- 
cians business rather than a patient's best interest. Similarly, one must avoid any patient 
education program or referral process that utilizes coercion to encourage surgery or limit 
patient options for surgical referral. 


Implications of the Surgeon's Experience 





A surgeon is responsible for assessing whether he or she has attained the level of experience 
required to perform specific surgical procedures. In residency training, the attending faculty 
generally sets guidelines and monitors them, with more complex or difficult cases being 
assigned to senior residents with greater surgical experience. Thus, the patient selection 
process includes assigning certain categories of surgical candidates to residents at the appro- 
priate level of training. For example, for cataract surgery, patients with characteristics that 
may present challenges at surgery (eg, patients who are monocular, have poor pupil dilation, 
poor visualization due to corneal disease, phacodonesis, or high myopia), or patients who 
have selected premium intraocular implants (IOLs) or have chosen laser-assisted cataract 
surgery are often paired with experienced surgeons. Similarly, patients who require surgery 
to be completed in the shortest time possible (eg, those whose ability to cooperate is limited 
due to altered mental status, or those with severe medical problems that limit tolerance for 
prolonged procedures) are usually assigned to the more experienced surgeons. 

This principle also holds after the completion of residency training, as surgical tech- 
nology advances and new techniques become available. Patients who are candidates for 
new techniques must be selected according to the expertise of the surgeon. 


Key Points 





e A thorough preoperative medical evaluation is essential in appropriate patient 
selection. 

e Patients with cardiac disease, hypertension, postural limitations, pulmonary dis- 
ease, or diabetes mellitus may require special evaluation or therapy before surgery. 
Issues to do with anesthesia may be a concern with children and people with altered 
mental status. 
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e Appropriate patient selection includes: 

— ensuring that indications for surgical intervention are appropriate and that the 
risk-benefit ratio is satisfactory 

— carefully assessing medical risk factors and ensuring that the patient’s general 
medical status is optimized prior to surgery 

— ascertaining that the patient understands and agrees to the indications, risks, 
benefits, and alternatives for surgery by obtaining full informed consent 

— avoidance of coercion in proceeding with surgery 

— ensuring that the proposed surgical procedure is one for which the surgeon has 
adequate training and experience 


Advisory Opinion—Communications to the Public. American Academy of Ophthalmology 
website. https://www.aao.org/ethics-detail/advisory-opinion—communications-to-public. 
Accessed February 4, 2019. 

American Academy of Ophthalmology. Ethical Ophthalmologist Series [online courses]. San 
Francisco: American Academy of Ophthalmology; 2010. 

Advisory Opinion—Informed Consent. American Academy of Ophthalmology website. 
https://www.aao.org/ethics-course/physician-advertising-regulation-ethics-law. Accessed 
February 4, 2019. 

Berdahl JP and Vann RR. Cataract surgery: preoperative evaluation. In: Henderson BA, 
Pineda R II, Chen, SH, eds. Essentials of Cataract Surgery. 2nd ed. Thorofare, NJ: Slack; 
2014:9-18. 

Durfee DA, ed. Ethics and the American Academy of Ophthalmology. In: The Profession 
of Ophthalmology: Practice Management, Ethics, and Advocacy. 2nd ed. San Francisco: 
American Academy of Ophthalmology; 2010:186-197. 

Rowe S. Appropriateness of cataract surgery. In: Henderson BA, Pineda R, Chen, SH, eds. 
Essentials of Cataract Surgery. 2nd ed. Thorofare, NJ: Slack; 2014:1-7. 


Self-Assessment Test 





1. Medications that may increase the risk of bleeding include which of the follow- 
ing? (Choose all that apply.) 
a. Ginkgo biloba 
b. nonsteroidal anti-inflammatory drugs 
c. rivaroxaban (Xarelto) 
d. all of the above 
2. List at least 3 features that a preoperative medical evaluation should address. 
3. The decision to recommend cataract surgery includes consideration of which 
of the following factors? (Choose all that apply.) 
a. coexistent macular disease 
b. patient’s visual requirements 
c. coexistent corneal disease 
d. family history of macular degeneration 


For preferred responses to these questions, see Appendix A. 
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Appropriate preparation of a patient for surgery greatly impacts both the surgeon’s and the 
patient's entire surgical experience. Recognition of the importance of this process early in 
residency encourages the development of habits seen in successful surgeons who maintain 
a good rapport with their patients and effectively manage expectations. Patient prepara- 
tion begins in the office and continues preoperatively in the operating room. 


Preparations in the Office 





After the surgeon has assessed the patient and decided that surgery is appropriate, the 
next steps involve obtaining informed consent and scheduling the surgery. The success of 
the informed decision-making process lies in effective physician—patient communication. 
The physician must strive to empower the patient with the knowledge required to make 
an educated decision regarding his or her medical care. At all times, the patient should 
feel in control of the decision-making process and able to decide what happens to his or 
her body. 


Informed Consent 


Chapters 2 and 4 include discussion of concepts of informed consent that should be con- 
sidered in selecting patients for surgery. Informed consent in preparing the patient for 
surgery develops from the patient’s understanding of several elements. 

These elements include: 


the nature of the procedure 
e reasonable alternatives to the proposed intervention 
e explanation of the risks, benefits, and uncertainties related to each alternative 


It is the surgeons responsibility to provide information to the patient and answer the 
patient’s questions. Additionally, the surgeon must also assess the patient’s understanding of 
the proposed procedure, alternatives to it, and the attendant risks, benefits, and uncertain- 
ties of these options. It is only if the patient comprehends these elements that he or she can 
be said to accept the surgeon’s proposal and give informed consent. 
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Procedure, alternatives, and risks 

The depth of the informed consent discussion depends on the nature of the procedure and 
the number of its risks, benefits, and alternatives. The American Academy of Ophthal- 
mology suggests that the content of this discussion should include what a “reasonable” pa- 
tient would want to know. However, the difficulty in implementing a “reasonable-patient” 
standard is also recognized because it involves determining what information is relevant 
for a particular patient. This becomes especially complex in discussions regarding refrac- 
tive options in cataract surgery due to the sheer number of new intraocular lenses on the 
market and continuously emerging technology in this area. In most ophthalmic surger- 
ies, the ultimate goals are to improve vision, preserve vision, or enhance appearance. The 
most common risks include infection, bleeding, loss of visual acuity, scarring, and the pos- 
sible need for repeated surgery. 

Discussion of alternatives should incorporate all options, including medical manage- 
ment and observation, even if these choices are not ideal. Allow the patient to ask as many 
questions as necessary to facilitate comprehension of the intervention; this also enables 
the physician to assess the patient’s understanding of the procedure and the patient’s ex- 
pectations of the outcome. Encourage patients to have family members present during the 
preoperative discussion so that they can plan to provide support for the patient not only 
for the surgery itself, but during the decision-making process as well. Clearly outline any 
rehabilitation that will be needed after surgery and the average number and scope of post- 
operative visits. Give patients a means of asking questions they may think of after the visit. 
Attention to these types of details helps ensure that adequate informed consent is obtained. 

Discussion of the procedure should also include a description of anesthesia options. 
Ophthalmic procedures are performed with topical, local, and general anesthesia as well 
as intravenous sedation (see Chapter 13); the physician should explain the preferred an- 
esthetic option for the procedure so that the patient knows what to expect, and the pa- 
tient should be questioned regarding past issues with anesthesia so that the physician 
can anticipate potential problems. A review of the patient’s medical history and physical 
examination results will determine indications or contraindications for specific anesthesia 
techniques; the anesthesia service then determines the choice of anesthesia technique and 
manages the informed consent process for anesthesia. 


Assessment and acceptance 

Special situations to consider in the consent process include surgery for minors, indi- 
viduals with altered mental status, and emergencies. With minors and individuals with 
altered mental status, the consent process occurs with the legal guardian. If there is no 
legal guardian specifically designated, state laws provide guidance for the hierarchy of 
appropriate decision makers. If no surrogate decision maker exists or if the situation is 
emergent, the physician acts in the best interests of the patient until a surrogate is found. 
Legal standards in these situations may vary by state, and in any questionable case, counsel 
should be consulted before proceeding with surgery. 


Medical Clearance 


Medical clearance should be obtained from the patient’s primary care provider before sur- 
gery. Although routine preoperative laboratory testing has not been proven to increase the 
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safety of cataract surgery, consideration may be given to such testing on the recommenda- 
tion of the patient’s physician or for specific requirements of the medical facility involved. 
Basic tests in this workup include a complete metabolic profile, a complete blood count 
(CBC), and an electrocardiogram (EKG). For patients undergoing general anesthesia, a 
chest x-ray may be recommended. It is the responsibility of the surgeon to review all diag- 
nostic test results before surgery. 

Common preoperative issues (eg, prophylaxis against endocarditis, anticoagulant 
use, and medication interaction with herbal supplements) should be discussed and man- 
aged in conjunction with the patient’s physician. Commonly, the American Heart Asso- 
ciation’s guidelines for prophylactic management of patients with cardiac valvular disease 
are closely followed. Guidelines and quantification of risks for discontinuation of anti- 
coagulation treatments have been published; typically, anticoagulation management is 
continued in patients at high risk for thromboembolism. Certain herbal supplements, 
such as Ginkgo biloba and vitamin E, increase the risk of bleeding in patients who take 
warfarin sodium. 


Process in the Operating Room 





The following overview summarizes operative considerations with a focus on ensuring 
the patient’s comfort. (Chapter 17 reviews specific precautions necessary to ensure the 
patient's safety during ophthalmic surgery.) 


Meeting the Patient 


In the preoperative holding area, it is important that the surgeon greets the patient. He or 
she may be the only familiar face among the many the patient will see during the surgi- 
cal experience. This contact reassures the patient and provides an opportunity to ask any 
last-minute questions. 


Marking the Surgical Eye 


Many surgeons mark the surgical eye in the holding area before any sedation is given. This 
confirms the surgical eye with the patient and prevents confusion in the operating room. 
Surgery on the incorrect eye is the most feared, but fortunately the most preventable, 
medical error in the ophthalmic operating room. 


Administering Medications 


Review the medical history and physical report to ascertain any changes in the patient's 
health status. In cataract surgery and many retinal procedures, dilating drops will be 
administered in the preoperative holding area. Many surgeons also use preoperative 
topical antibiotic on the day of surgery or several days before surgery, although there is 
no consensus on which antibiotics to use and no studies show that this course prevents 
endophthalmitis. Evidence does support the use of intraocular antibiotics after sur- 
gery for more definitive prevention of endophthalmitis, especially in cataract surgery. 
Some cataract surgeons apply topical anesthetic such as nonpreserved lidocaine jelly 
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(with or without a device such as a Honan balloon to lower intraocular pressure) in the 
holding area. 

Communicate any concerns or special requirements to the anesthesia service as soon 
as possible. For example, if the patient had problems with anesthesia during a prior surgi- 
cal procedure, make sure the service is aware of this. If a local anesthetic block is needed, 
notify the anesthetist so the patient receives adequate sedation. Bear in mind that in many 
institutions, the anesthesiology department administers local anesthetic blocks, so these 
need to be scheduled preoperatively. 


Communicating With the Staff 


Before the patient is taken to the operating room, ask the operating room staff members 
if they have any questions. If any special materials were ordered for the operation, verify 
that they are available. When performing cataract surgery, check that the correct intraocular 
lens has been set out for the procedure. 

When the patient is brought into the operating room, the circulating nurse verifies the 
patient's name, surgical procedure, surgical site, and medical allergies with the patient. In 
addition, time is taken to identify all surgical staff in the operating room, verify the patient's 
name, verify the correct procedure, and identify any special precautions that may be needed. 
Next, the bed is positioned near the microscope for the best view of the surgical eye (often 
the floor is marked to help guide the placement of the bed). If general anesthesia is required, 
positioning of the bed occurs after the patient is intubated. Positioning the patients head on 
the bed and relative to the microscope is the foundation upon which the remainder of the 
surgery is built; when this is done incorrectly, every subsequent step of the procedure may 
become a challenge. The eye should be positioned so that it is parallel to the ground, though 
in certain situations, alternative positioning of the eye may be required to make the patient 
more comfortable. The height of the bed should be adjusted to optimize surgeon comfort 
while he or she looks through the microscope. Check the positioning of the microscope by 
turning it on and looking through the oculars to assess whether the patients placement is 
correct. This also serves to confirm that the microscope is functioning properly. (Chapter 7 
discusses in detail the positioning of the microscope, patient, and surgeon.) 


Ensuring the Patient's Comfort 


Make sure the patient is comfortable. Operating rooms are often cold, and the patient 
might like an extra blanket. The nurse can provide support for the patient’s back as needed 
by placing a blanket roll or foam log under the knees. Since many operations are done 
with topical anesthetic with or without intravenous sedation, wrist bracelets that attach to 
the bed rails are sometimes employed to ensure that the patient does not attempt to touch 
his or her face during the surgery. Taping down the patient’s head is helpful in preventing 
head movement during surgery. 

If a local anesthetic block is needed, it is best to administer it after positioning the 
patient and ensuring adequate intravenous sedation. Typically, the nurse or the anesthetist 
holds the patient’s head so it does not move during the block due to the painful stimulus. 
Taping of the head should occur after the anesthetic block so the head can be placed in 
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the most comfortable position for the block. The surgical preparation and draping follow 
final positioning of the patient. 


Key Points 





e In providing informed consent to the patient, the surgeon must explain the na- 
ture of the procedure, reasonable alternatives to the proposed intervention, and the 
risks, benefits, and uncertainties related to each alternative. 

e Medical clearance for surgery must include assessment of cardiopulmonary status 
and any use of anticoagulants and antiplatelet agents. Clearance should be coordi- 
nated with the patients primary care physician. 

In the operating room, the surgeon is responsible for meeting and reassuring the pa- 
tient, supervising preoperative ophthalmic medications, coordinating with anesthesia 
and nursing staff, and ensuring proper positioning and comfort of the patient. 
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Self-Assessment Test 





1. Which of the following is involved in the informed consent process? (Choose 
all that apply.) 
a. providing preoperative counseling alone 
b. discussing the risks, benefits, and alternatives of surgery 
c. delegating this responsibility to the surgical nurse 
d. discouraging consideration of alternatives to surgery that the surgeon feels 
are less appropriate 
2. Which of the following plays a part in the preoperative medical preparation of 
the patient? (Choose all that apply.) 
a. abstaining from any involvement in the preoperative preparation 
b. obtaining a chest x-ray, electrocardiogram, urinalysis, and complete blood 
count 
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c. discontinuing anticoagulants 
d. communicating with the patient’s primary physician if medical conditions 
coexist 

3. When the patient is being prepared in the operating room, attention must be 
given to which of the following? (Choose all that apply.) 

communicating with the patient 

proper positioning of the head 

providing support for the back and knee 

. stabilizing the patient (control of hands and head) 

accommodating for a cooler or warmer operating room 

all of the above 


moan se 


For preferred responses to these questions, see Appendix A. 
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A great body of literature addresses ophthalmic surgical management, including details 
of surgical techniques, preparation of the patient, management of the operating theater, 
and postoperative care (aspects of these topics are discussed elsewhere in this book). Very 
little, however, has been written about preparation of the surgeon. The surgeon's ability to 
attain peak performance is clearly a key element in obtaining optimal surgical outcomes. 
Thorough familiarity with the patient, procedure, and operating room environment are the 
foundation of preparation. Other considerations include physical factors that affect the 
surgeon, hand washing, and control of the operating room environment. This chapter 
serves as a guide to create a personalized routine for one’s own preparation as a surgeon. 
The development of good habits through repetition limits stress and anxiety and prepares 
the physician to perform to optimum potential. 


Familiarization 





Chapters 1 and 2 discuss aspects of becoming familiar with the patient, deciding that 
surgery is the best option, and preparing the patient for surgery. In summary, several ele- 
ments are important in the physician’s interaction with his or her patient: 


1. The surgeon should perform a full preoperative examination of the patient. This 
evaluation consists of a complete examination, including best-corrected visual 
acuity measurement, a review of pertinent ancillary testing, and directed systemic 
evaluation. Review of ancillary testing may include intraocular lens calculation 
data, fluorescein angiography, or neuroimaging such as magnetic resonance imag- 
ing films. 

2. A discussion should be arranged with the patient so that the surgeon understands 
his or her concerns, can educate the patient about his or her diagnosis and the rec- 
ommended course of treatment, answer questions, and obtain informed consent. 

3. The surgeon begins developing the surgical plan during the preoperative exami- 
nation. Clearly, first meeting a patient on a gurney in the operating room is ill 
advised. Delegating preoperative evaluation and management to technicians, optom- 
etrists, and colleagues is another practice to avoid if you are to be optimally 
prepared. The exception to this might be an emergent operation, in which case it 
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may be appropriate for the surgeon to examine the patient in the preoperative area 
if logistics preclude an examination in the office. 


Understanding the Planned Procedure 





Knowledge of the anticipated surgical procedure is an essential part of the familiarization 
process. As noted in Chapter 1, the surgeon is responsible for assessing whether he or 
she has attained the level of experience required to perform specific surgical procedures. 
Ideally, the beginning surgeon is prepared through the mentored experiences provided 
during ophthalmology residency training. Established techniques continue to evolve and 
new techniques are employed, and these developments require the surgeon's continuing 
education. 

On an ongoing basis, long after the completion of residency training, the surgeon 
must ensure that he or she is facile in all aspects of a proposed procedure; if knowledge 
gaps or uncertainties exist, it is the surgeons responsibility to arrange for consultation 
with and possible intraoperative assistance from an expert in the field. 


Knowing the Tools 





Familiarity with the overall operating room environment is also crucial to preparation 
of the surgeon. Ophthalmic surgical instrumentation and machinery, including phaco- 
emulsification and vitrectomy units, are increasingly complex, and the surgeon needs to 
understand their inner workings in detail. Detailed discussion of surgical instrumentation 
and machinery is beyond the scope of this book. Equipment company representatives and 
other experienced surgeons are valuable sources of information in this area. (See Chap- 
ter 8 for an introduction to surgical instruments and blades.) 

Consider performing a “dry run” for procedures, including opening surgical packs, 
setting up machines to be used, running through machine settings, and becoming familiar 
with their foot pedals and handpieces. The properly prepared surgeon knows the equip- 
ment better than the nursing staff! In cases of equipment malfunction or requirement for 
special measures, the surgeon's ultimate responsibility is to manage the situation correctly. 
In addition, an important but frequently overlooked aspect of surgery involves the loca- 
tion of items in the room. The physician is advised to go to the operating room during 
downtime and look through each drawer and cabinet with the nursing staff. The location 
of suture material, intraocular lenses, surgical instruments that don't belong to a set, and 
so on should be identified so that the surgeon is prepared to give instructions when the 
primary nurse is unavailable, particularly during after-hours cases. 


Physical Factors That Affect the Surgeon 





A multitude of factors affect a physician’s preparedness to perform surgery. Two of the 
commonly discussed physical factors are exercise and sleep deprivation. The data on ef- 
fects of exercise prior to surgery are conflicting. While some studies that show that physical 
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exertion significantly increases hand tremor for as long as 24 hours, there are also stud- 
ies that show that there is a return to baseline tremor 4 hours after upper-body exercise. 
Another study that looks at activity levels in both novice and expert surgeons found that 
novice surgeons were more affected by exercise, with worse performance measures during 
microsurgery, than expert surgeons. 

A recently published literature review suggests that different types of exercise might 
have varying effects on surgical performance. The authors note that aerobic exercise 
has little effect on hand tremor, and that there was a higher error rate after upper-body 
exercise than after lower-body exercise. However, it is important to note that there is a 
lack of good data on the subject. The widely held belief is that strenuous exercise the 
day before and the day of surgery should be avoided; however, no standardized guide- 
lines exist. 

The relationship between sleep deprivation and physician performance has been stud- 
ied. Conclusions have been reached that “patient care may be compromised if a fatigued, 
sleep-deprived clinician is allowed to operate, administer an anesthetic, manage a medical 
crisis, or deal with an unusual or cognitively demanding clinical presentation.” There is 
controversy regarding performance of particular activities, but in general performance 
degradation is more pronounced on tasks of longer duration that require vigilance. Per- 
formance of longer, repetitive surgery may be more severely affected by sleep deprivation. 
Avoidance of physical exertion and getting a good night's sleep are important components 
in the preparation of the surgeon. 


Substance Use or Abuse 


Both legal and illicit drug use can affect surgical performance, and the prepared surgeon 
understands their impact. It is obvious that physicians impaired by alcohol consumption 
or illicit drug use should never operate; however, the use of caffeine and beta-blockers by 
surgeons have been controversial topics. 

Many doctors routinely drink coffee or tea before performing surgery, yet studies that 
involve hand steadiness support the assertion that caffeine increases hand tremor. One study 
noted that after ingestion of 200 mg of caffeine, tremor was significantly increased when 
measured with a handheld laser pointer model. Another study, which employed a high- 
resolution, noncontact position-tracking system, found that ingestion of 200 mg of caffeine 
caused a 31% increase in tremor from baseline. Based on these data, there have been recom- 
mendations made to avoid caffeine in order to minimize tremor during ocular surgery. 

In a review paper recently published, an analysis of six studies led to only grade-D 
evidence for avoiding caffeine. The reviewers deemed the data to be inconclusive with 
regard to a negative effect of caffeine. Although caffeine was found to increase tremor 
and the time to complete a task, there was insufficient data to show a decrease in surgical 
accuracy or increase in the rate of surgical error. In addition, the effect of caffeine on an 
individual who regularly consumes caffeine may be less than on an individual who only 
occasionally consumes caffeine. 

Performance artists and surgeons have employed b-adrenergic blocking drugs to 
improve their performance. Several studies assess the effect of beta-blockers on ocular 
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surgery and on hand tremor. With the same high-resolution, noncontact position-tracking 
system as employed for the caffeine study, subjects who ingested 10 mg of propranolol 
(a nonselective beta-blocking agent) were found to have 22% less tremor than at baseline. 
No adverse effects or side effects were reported. Ophthalmology residents given 40 mg 
of propranolol 1 hour before the performance of ophthalmic microsurgery experienced 
a significant reduction in tremor and perceived anxiety; however, there was no differ- 
ence in complication rates or difficulties during surgery. Similarly, no negative effects or 
side effects were encountered in study participants. A study involving ingestion of timolol 
12.5 mg as well as a postural orthotic concluded that neither “accorded a significant ben- 
efit in allaying hand tremor” In summary, beta-blocker use, particularly oral proprano- 
lol, may diminish hand tremor, but this difference has not been proven to affect surgical 
outcomes. 


Illness 


Short-term illness such as the flu or an injury can temporarily impair the surgeon to 
varying degrees. It is the surgeon's responsibility to adequately assess any conditions that 
may affect surgical judgment and performance. It is reasonable to arrange for a qualified 
colleague to take over an emergency surgery and to postpone elective cases until such a 
time that the surgeon is no longer affected by his or her condition. Most ophthalmologic 
surgeries are elective, and so good communication with the patient paves the way for re- 
scheduling surgery for her or his safety. 


Hand Preparation 





Hand washing or scrubbing is a time-honored routine in surgery. Without question, hand 
washing decreases the surgeon's skin flora counts, which may in turn lower postopera- 
tive infection rates, especially in the event of glove failure. Several areas of controversy 
surround the surgical scrub, however. The duration of hand washing has been studied, 
with results indicating that a 2-minute period of chlorhexidine use is equivalent to 4- and 
6-minute periods. Improved alcohol solutions for hand rubbing have become popular 
and are present in most institutions. A study reported that the use of a 75% aqueous alco- 
holic solution containing propanol-1, propanol-2, and mecetronium etilsulfate caused no 
difference in postoperative infection rates compared with use of 4% povidone-iodine or 
4% chlorhexidine gluconate. In addition, for routine patient care, hand rubbing with an 
alcohol-based solution has been shown to result in a significantly lower skin flora count 
than hand washing with antiseptic soap. 

In light of these findings, preparation of the hands for surgery should consist of a 
2-minute scrubbing with chlorhexidine or povidone-iodine or simple hand washing with 
soap followed by hand rubbing with an appropriate alcohol-based solution. Generally ac- 
cepted practice for the first scrub of the day includes a total duration of 5 minutes. Chap- 
ter 12 reviews the steps in the surgical hand scrub as well as the steps for gowning and 
gloving after the wash is complete. 
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Operating Room Environment 





The surgeon must be able to give his or her full attention and concentration to the patient 
and the procedure. Preparation of the environment before surgery is an important step in 
minimizing distractions. Ideally, the physician should clear his or her schedule a bit before 
and after surgery to avoid potential conflicts. Having to run to the clinic or to another 
hospital creates significant stress and is suboptimal. Likewise, during surgery, minimize 
interruptions from telephone calls and pages or avoid them altogether. 

Giving forethought to ergonomic issues is a simple, but often overlooked, element of 
surgeon preparation. A few minutes spent before the procedure to adjust the bed height, 
microscope (eyepiece pupillary distance, power, and centration), and wrist rest result in 
greater comfort and less stress for the surgeon. (Chapter 7 reviews these adjustments in 
detail. See also Chapter 6.) Additionally, speaking with the scrub nurse and circulating 
nurse before the case allows them to anticipate your needs and to have readily available the 
necessary equipment and instruments. Simple communication before the surgery makes 
the team in the room more involved, understanding, and efficient. As a result, the case 
runs more smoothly. 


Time Out 


Wrong-site surgery (including wrong-eye surgery and incorrect intraocular lens im- 
plantation) can be prevented. The American Academy of Ophthalmology endorses a 
preoperative checklist based on the Joint Commission of Accreditation of Healthcare 
Organizations (JCAHO). Many surgery centers and hospitals have their own protocols 
that also adapted from the universal protocol. In an American Ophthalmological Society 
thesis, a thorough analysis of surgical errors made in ophthalmology was performed. The 
study found that 77% of the errors were preventable by use of the universal protocol. The 
typical time-out checklist introduces everyone present in the operating room, addresses 
any concerns from all members of the team, and reviews relevant equipment and choice 
of implants. 


The Surgeon's Voice 


Conversations and verbal orders are both common and necessary in the operating the- 
ater. The surgeon should attempt to give clear, audible instructions to the surgical staff 
in order to avoid any confusion with the surgeon's request. It should be kept in mind that 
the vast majority of ophthalmic patients are awake during surgery, so great care should 
be taken with conversations. Both the tenor and content should be professional. In addi- 
tion, the conversations in the room should not distract in any way from the critical task 
at hand. 


What About Music? 


A frequent component of the operating room environment is music. Although music may 
relax the surgeon, staff, and patient, it should not be allowed to become a distraction. The 
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musical selection, choice of playlist, or radio station should be prepared before the surgi- 
cal scrub. Volume and static should be checked and refined before surgery in order to 
avoid distractions such as changing volume, playlists, or stations. 

Several studies have tried to measure how distracting the music itself is to the surgeon 
and how it might affect the surgeon’s performance. One study investigated auditory pro- 
cessing in the presence of various levels of noise typical of an operating room with and 
without a task to be performed. The authors suggested that operating room noise, includ- 
ing music, might be the most important contributing factor to breakdown of communi- 
cation between members of operating room teams. In another simulated surgical task, 
residents were asked to perform a laparoscopic cholecystectomy in the presence of typical 
operating room distractions and demonstrated poorer task performance with noise than 
without. Researchers at Oregon State University reported that less experienced general 
surgeons were more susceptible to making errors when distracted by typical operating 
room noise than their more experienced colleagues. 


Key Points 





e Preparation of the surgeon includes detailed review of the patient’s ophthalmologic 
and general medical status, along with the planned surgical procedure. 

e The operating surgeon should become familiar with the complex equipment to 
be used in the procedure, including setup, positioning, and common malfunction 
remedies. 

e Sleep deprivation, physical exertion, caffeine ingestion, illness, and medication use 
may all have a detrimental effect on a surgeon’s performance. 
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Self-Assessment Test 





1. Regarding the surgeon’s preparation for surgery, which statements apply? (Choose 
all that apply.) 
a. Surgeons must not necessarily examine the patient personally. 
b. Surgeons must be facile with all steps of the planned procedure. 
c. Surgeons should be familiar with all major equipment involved, including 

common causes of malfunction and their correction. 

d. Surgeons should review all pertinent ancillary tests personally. 

2. List 2 physical factors that may negatively affect surgical performance. 

3. The caffeine contained in 1 cup of coffee may induce detrimental hand tremor. 
Is this statement true or false? 

4. The controversy around surgical hand preparation includes which of the 
following? (Choose all that apply.) 
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a. duration of scrub 

b. composition of the antibacterial agent 
c. necessity to scrub 

d. requirement for gloves 


For preferred responses to these questions, see Appendix A. 
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Informed consent is a critical component of the physician—patient relationship. The pro- 
cess of informed consent includes discussion of risks, benefits, and alternatives when 
medical or surgical treatments are proposed. The Accreditation Council for Graduate 
Medical Education (ACGME) has established 6 core competencies for resident education, 
and informed consent involves 5 of them (systems-based practice being the sixth): 


e patient care 

e medical knowledge 

e practice-based learning and improvement 
e interpersonal and communication skills 

e professionalism 


Importance of Informed Consent 





Ophthalmologists frequently diagnose conditions inside the eye such as retinopathy or 
cataracts, which may require medical or surgical therapy. Patients and health care provid- 
ers may not directly observe the intraocular condition, making the standard for ethical 
practice especially high among ophthalmologists. Informed consent is a necessary step in 
the medicolegal process of treating patients but should be viewed in the larger context of 
educating patients about their diseases and possible treatments for them. 

Informed consent has obvious medicolegal implications. Malpractice litigation is a 
common occurrence in ophthalmology, unfortunately, and most malpractice suits involve 
cataract surgery. Many studies have demonstrated that—despite efforts by surgeons— 
patients may not remember the salient elements of informed consent discussions. This 
may be due to a relatively elderly patient population or low health literacy among cer- 
tain patient populations. Other reports find that providers may not adequately explain 
the rationale, procedure, and risks of surgery. The Canadian Medical Protective Agency 
suggests that one-third of patients in malpractice cases may not have initiated litiga- 
tion if their informed consent discussions had been better. A recent review of 5 years of 





This chapter includes related videos, which can be accessed by scanning the QR codes provided in the 
text or going to www.aao.org/bposvideo. 
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malpractice lawsuits against ophthalmologists by the Ophthalmic Mutual Insurance Com- 
pany (OMIC) shows that lack of informed consent was a key allegation in 4% of claims. 

Research has shown that while residents are often tasked with obtaining informed con- 
sent for common ophthalmology procedures, not all residents are confident in doing so. 
Confidence rates vary by resident post-graduate year (PGY) but also by whether residents 
have had training in informed consent. Residents encounter many barriers to having a pro- 
ductive informed consent conversation, including inadequate time to speak with patients; 
a lack of knowledge about the specifics of procedures and their risks; and patient factors, 
such as poor comprehension. Residents must be prepared to obtain informed consent for 
many ophthalmic procedures; ensuring proper informed consent processes will enhance 
the provider—patient relationship and may mitigate the risk of malpractice litigation. 


Elements of Informed Consent 





To understand the necessary elements of informed consent, it is helpful to think about what 
a patient would want to know before undergoing surgery. Patients may be apprehensive 
about surgery and may not understand the terminology used to discuss it. For example, 
patients frequently have misconceptions about the role of lasers in ophthalmology. When 
considering a laser treatment for glaucoma or retinal conditions, patients may assume that 
the laser is the same one used in refractive surgery, and that the operation to reduce intra- 
ocular pressure will also correct vision. Noting that this is not the case may reduce miscon- 
ceptions and promote active listening during the rest of the informed consent discussion. 

Surgical informed consent differs from the consent discussion one might have in the 
context of a research study as outlined in the Helsinki declaration, which sets forth the ethi- 
cal principles for medical research involving human subjects. To obtain consent for a surgical 
procedure, 3 elements are important: preconditions, information, and consent. 


Preconditions 


Preconditions refer to whether patients are competent to make their own health care deci- 
sions and whether participation in surgery is voluntary. Elderly patients with dementia may 
not be competent to make decisions and so they often have family members who make 
decisions for them. It is important to involve the caregivers of patients with dementia early 
in the process because they may be the same family members who transport the patients on 
the day of the procedure and for follow-up visits. Voluntariness requires that patients them- 
selves be agreeable to the decision to proceed with surgery; family members who urge 
surgery despite the wishes of their relatives (the patients) cannot be obliged. 


Information 

Information as an element of informed consent includes the specific discussion of the 
diagnosis and proposed treatment plan. According to guidelines from OMIC, specific ele- 
ments of the discussion should include: 


e discussion of the patient’s condition 
e rationale for recommending a treatment or procedure 
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e expected benefits and possible complications of and alternatives to the procedure, 
including the option of no treatment 

e discussion of any comorbid conditions that may increase the risk of a specific 
complication 

e discussion of the anesthesia plan 

e discussion of the postoperative care plan, including any co-management by another 
provider 


Consent 


The last element, consent, refers to the process of the patient deciding to accept treatment 
and authorizing the physician to go forward with it. It is important to note that the docu- 
mentation of informed consent is simply one element of the process of consent. 

Studies show that two-thirds of patients do not read consent-related documentation 
carefully. Best practices suggest consent documents should be written at a 12-year-old 
reading level, which is difficult to achieve in ophthalmology, given the amount of tech- 
nology involved in ophthalmic procedures. Viewing the informed consent process in the 
context of educating patients and having them authorize treatment should be the overall 
aim, although documentation is a necessary step. 


Putting the Elements Together 


One should strive to include these 3 elements—preconditions, information, consent—in 
every discussion of informed consent. Because patients will have different learning styles 
and levels of health literacy, a varied approach to informed consent is advisable. One way 
to augment the effectiveness of the informed consent process is to provide patients with 
supplementary materials such as brochures or videos. (See Videos 4-1 and 4-2 for ex- 
amples of patient clips.) Many patients learn well from visual information, and using these 
media has been shown to enhance patient recall. Another recommended strategy is to 
have the patient repeat to the resident or ophthalmologist the diagnosis and treatment 
plan to ensure a basic level of comprehension. 


Photocoagulation (01:06) 


Courtesy of the American Academy of Ophthalmology, Retina Informed Consent Video Collection 


>) VIDEO 4-1 Sample, Informed Consent, Panretinal 


for Retinal Detachment (00:32) 


Courtesy of the American Academy of Ophthalmology, Retina Informed Consent Video Collection 





Q VIDEO 4-2 Sample, Informed Consent, Vitrectomy 


Obtaining Informed Consent: Challenges for Residents 





Residents face many challenges in the process of obtaining informed consent for ophthal- 
mic procedures, such as caring for patients with medical comorbidities and limited health 
literacy. Low health literacy is an increasingly recognized factor that contributes to poor 
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patient outcomes and is critically important in the context of a discussion about surgery. 
The provider must recognize that patients may not understand everything written on the 
informed consent document. This especially applies to visually impaired patients, and 
particularly if their pupils have been dilated! 

The following scenarios illustrate circumstances that residents face in obtaining in- 
formed consent. 


Scenario 1: The Compromised Patient 


A first-year resident is called to the trauma area of the emergency department in the 
middle of the night to examine an intoxicated patient. The patient is talkative but does 
not indicate an ability to comprehend the physician well. On examination, his right eye 
exhibits periorbital ecchymosis, proptosis, and an intraocular pressure of 48 mm Hg. His 
visual acuity cannot be determined, but he has an afferent pupillary defect. A computed 
tomography scan confirms a retrobulbar hemorrhage with an associated fracture of the 
lateral orbital wall. How should a resident handle this situation? 


Discussion 

In this scenario, obtaining informed consent from the patient is impossible. He is not 
competent to make his own decisions. It may be worthwhile to ask the trauma team if he 
has a family member present who can help make decisions for the patient. However, the 
patient clearly has a need for urgent intervention, and lateral canthotomy and cantholysis 
should be performed immediately. Doing so would constitute emergent care and thus 
preprocedure informed consent is unnecessary. However, if informed consent can be ob- 
tained, it is always advisable to do so. If you cannot obtain informed consent, be sure to 
document carefully why the patient was unable to provide consent and why the treatment 
was needed at that time. 


Scenario 2: The Patient With Dementia 


An elderly patient comes to your office at the insistence of her son and daughter, who 
claim that “she is running into walls” The patient has dementia but is pleasant and allows 
you to examine her eyes. Your examination reveals bilateral dense cataracts, and fundus 
examination shows a normal cup-to-disc ratio and normal retina. You explain the find- 
ings and tell the patient and her family that if she wants to improve her vision, she will 
need cataract surgery. When she hears the word “surgery,” the patient recoils and begins 
to get agitated. Despite her agitation, her children insist they want the surgery done and 
the patient’s daughter states that she has power of attorney. 


Discussion 

This is a difficult scenario. Occasionally, family members want the provider to perform a 
procedure that the patient may not want to undergo. It is reasonable to continue the dis- 
cussion by asking the patient her concerns, which may relate to general questions about 
the experience of surgery itself, such as whether she would be awake during the proce- 
dure. For patients with dementia, general anesthesia may be a prudent option for cataract 
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surgery. However, if the patient indicates that she does not want surgery, the provider 
must respect the patients autonomy despite the family’s opinion. There is an added layer 
of complexity if the daughter indeed retains power of attorney. It may be advisable to in- 
volve the hospital's ethics committee and legal department to determine the best course 
of action, but it is nevertheless important for the physician to try to understand the family 
dynamic while discussing all that informed consent involves. 


Scenario 3: “How Many of These Have You Done?” 


It is July of your third year of residency, and you are seeing patients in the resident conti- 
nuity clinic. A patient comes to your office with a complaint of “having a fog” over her left 
eye. She has diabetes mellitus, and your examination reveals a dense posterior subcapsular 
cataract but no diabetic retinopathy. You inform the patient of the findings and offer her 
the option of cataract surgery if she would like to try to improve her vision. After explain- 
ing the rationale of the procedure as well as the expected benefits, potential complications, 
and alternatives, the patient asks you, “Well, how many of these have you done before?” 
What do you say? 


Discussion 

Patients often will ask how much experience a physician has with a procedure, and the 
question and its answer are important for both the patient’s autonomy and the physician's 
transparency regarding the care being offered. In a training environment, however, these 
questions can cause anxiety for the resident because cataract surgery has a learning curve. 
While residents are not expert in the procedure, they need a high case volume to become 
proficient. It is important to be honest with patients in this scenario, but it is also appropri- 
ate to inform them that you will be supervised by an experienced physician at all times. 
The patient has the right to decline your care and to request a more experienced surgeon, 
but fear of this happening should not bias your discussion of informed consent. Falsely 
claiming a high level of experience with the procedure or falsely telling the patient that a 
more experienced surgeon will perform the operation could result in a charge of battery, 
according to OMIC. 


Scenario 4: “Who's Operating?” 


You are seeing patients in an attending physicians clinic and one of the patients has a mod- 
erately dense posterior subcapsular cataract with significant glare symptoms. He has had 
cataract surgery on his other eye, and tells you that he “wants the exact same surgery done 
on the other side? You explain the surgery to him again and stress that although he expe- 
rienced no complications as a result of his earlier operation, this does not imply the same 
degree of success for an operation on his other eye. As the attending physician walks into 
the room, the patient says, “Well, who's going to be doing the surgery, you or the doctor?” 


Discussion 
Clarifying the role of a trainee can be unsettling for both the patients and the physicians 
involved. In a training program setting, there may be cases in which an attending surgeon 
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allows the resident to perform part or all of the procedure under his or her supervision. 
Setting expectations with the patient prior to surgery is the best way to avoid potential 
disappointment after surgery. According to OMIC guidelines, the provider should clarify 
who will perform the surgery and whether there will be involvement of a trainee. In this 
scenario, one way of handling the patient’s question would be to respond that the trainee 
will assist in the operation or, conversely, that the attending physician will supervise the 
trainee while he or she performs specific steps of the surgery. The attending physician 
and trainee should adhere to the patient’s preferences. As mentioned earlier in this chapter, 
if the surgical team goes against the patient’s wishes and has the trainee perform the sur- 
gery despite a specific request that it be done by the attending physician, there could be 
grounds for a charge of battery, according to OMIC. 


Scenario 5: The Patient Surprised by the Need for Care 


A patient comes to your office for an eye examination. He tells you that his vision “has 
been blurry for some time.” He has not sought care until now because he just obtained 
health insurance. He also mentions that he is a diabetic and is on a controlled diet but 
that he has not had a primary care visit in many years. On examination, you diagnose 
bilateral dense nuclear sclerotic cataracts; there is no view to the fundus. Ultrasonography 
reveals an attached retina and normal optic nerve. After speaking to the attending physi- 
cian, you inform the patient that he has cataracts and that you would recommend surgery 
to improve his vision as well as your ability to see his fundus to monitor him for diabetic 
retinopathy. You can see that he is concerned, as he expected only to have a routine exami- 
nation today. What do you do? 


Discussion 

This patient has little insight into his health problems, but clearly he needs treatment. It 
is important for the provider to recognize that patients may not understand their diag- 
noses and treatment plans, especially if complex terminology is used but not explained. 
While you do not want to condescend to the patient, you should recognize that his poor 
self-care is a red flag and may result in unintended consequences after surgery, such as 
his not returning for follow-up visits or not using postoperative drops. Additional time 
spent at this appointment to ensure an adequate understanding of the diagnosis and 
proposed treatment for his condition may mitigate a longer discussion later, in the case 
of a complication or undesired outcome. An audiovisual presentation of the diagnosis 
and treatment of cataracts, in combination with discussion, may be effective for this 
patient. A discussion with a close family member or friend of his, if he consents to this, 
may also contribute to the patient’s understanding of his diagnosis and proposed treat- 
ment. It is important to spend time to build a therapeutic alliance with patients with 
low health literacy, as they are more likely than others to fall through the cracks of the 
health care system. 
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Summary 





Informed consent is a process that involves communication between providers and pa- 
tients about the patients’ diagnoses and proposed treatment. Cultivating the ability to have 
productive informed consent discussion with patients in many different situations is an 
underrecognized but important aspect of residency training. 


Key Points 





Informed consent is a process, not a document, and should be treated as an oppor- 
tunity to educate patients about their ophthalmic health. 

Residents are often expected to obtain consent from patients but may not get spe- 
cific training in how best to approach the process. Residents should inform them- 
selves about the suggested procedures and their complications before a discussion 
with the patient. The OMIC website (www.omic.com) is a good resource for resi- 
dents’ questions about informed consent. 

Proper informed consent requires a patient with decision-making capacity and a 
physician who can explain the elements of consent: the rationale for treatment; ex- 
pected benefits, potential risks, and attendant comorbidities of the recommended 
treatment; and plans for anesthesia and postoperative care. Informed consent must 
be documented in writing. 

In certain situations, patients may not have decision-making capacity and thus can- 
not make their own health care decisions. It is important to involve family members 
or caregivers early on for such patients, as they will likely be relied upon to trans- 
port the patient for surgery and postoperative care. 

Language barriers can hinder effective communication, thus necessitating profes- 
sional translation to facilitate an effective informed consent process. 

When patients are educated about their conditions they are empowered to make 
informed decisions about their health care. In learning how best to educate patients 
about their health and treatment options, residents prepare themselves for inde- 
pendent practice in the future. 

Residents may benefit from practice-based learning: obtaining informed consent in 
role play with attending physicians can prompt feedback for residents and illumi- 
nate deficiencies that require their further attention. 
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Self-Assessment 





1. Helpful adjunctive elements in the informed consent process include all 
except which one of the following? 
a. having the patient watch video learning materials 
b. having the patient read brochures on his or her condition and its recom- 
mended treatment 
c. having the patient repeat to you the information you've given him or her 
d. quoting at length to the patient the most recent published data on his or her 
condition and clinical details of its recommended treatment 
2. An elderly patient with moderate dementia has a visually significant cataract 
and is bothered by her vision. Which of the following is the best practice in 
obtaining consent? 
a. reading the consent form to the patient 
b. determining if the patient makes his or her own health care decisions and 
emailing or calling the patient’s emergency contact to discuss transportation 
and to ask if the patient and contact have any questions 
c. contacting the patient’s son to obtain his consent 
d. having the patient sign the consent form while he or she is still in the medi- 
cal office and sending the patient home with a brochure about the procedure 
to be performed 


CHAPTER 4: Informed Consent è 33 


3. A patient has a corneal laceration with uveal prolapse and has sustained a con- 
cussion as well. When you talk with him, he nods his head as though he under- 
stands the conversation, but you doubt that he does. You smell alcohol on his 
breath. What is the best course of action? 

a. Take the patient to the operating room and repair the laceration. 

b. Observe the patient until one of the patient’s family members arrives. 

c. Have the patient sign the consent form. 

d. Try to get in touch with an emergency contact for the patient to obtain con- 
sent and, if unsuccessful, document this in the chart before you perform his 
surgery. 


For preferred responses to these questions, please see Appendix A. 
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Simulation in Surgical Training 
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Surgical simulation is an important tool available to the beginning ophthalmic surgeon to 
reduce the stress of transitioning to the operating room and to improve patient safety. The 
learning curve for ophthalmic surgery is steep, and the rate of complications is higher in 
operations performed by new surgeons. Simulation provides a safe learning environment, 
in which the repetition of technical skills can accelerate learning and result in improved 
comfort and confidence. The procedural familiarity and self-assurance gained by simula- 
tion are particularly important for mastering the difficult steps of ophthalmic operations 
and for gaining experience in managing complications encountered during surgery. 


Wet Laboratory 





Wet laboratories are hands-on surgical training environments; most wet laboratories 
contain surgical equipment that is arranged in workstations. Different models are avail- 
able for intraocular and extraocular simulation in the wet laboratory, including cadaveric 
human eyes, animal eyes and tissue, and artificial eyes (Table 5-1). 





Table 5-1 Models for Simulation in Wet Laboratory 


Model Pros Cons 
Human eyes Realistic anatomy and tissue Cost 
consistency Availability 
Storage, setup, cleanup, and disposal 
Animal eyes Cost Low-fidelity anterior segment anatomy and 
Availability capsule properties 


Cataracts will often need to be induced 
Storage, setup, cleanup, and disposal 


Model eyes Increasingly realistic Poor simulation of some steps, including 
Ease of storage, setup, cleanup, wound construction 
and disposal 
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Intraocular Simulation 





Human and Animal Eyes 


Cadaveric human eyes serve as one of the best teaching models for the simulation of oph- 
thalmic surgery. However, the cost and difficulty of obtaining human eyes make animal 
eyes the preferred model in many wet laboratories. Pig eyes are commonly used, but others, 
including cow, sheep, rabbit, cat, and goat eyes, are also employed as models (Fig 5-1). 

One advantage of animal eyes is their relatively high availability and low cost; they 
can be obtained from local butcher shops or from mail-order scientific supply companies. 
The disadvantages of animal eyes lie in their anatomical differences from human eyes, 
the difficulty of obtaining fresh tissue, the risk of infection, and the hassle of storage and 
disposal. 

Fresh animal tissue is excellent for practicing incisions and for suturing scleral and 
corneal wounds. Cataracts can be induced in animal eyes with microwave energy or 
chemical combinations of formalin, ethanol, and 2-propanol, among others, but cataract 
surgery training using animal eyes falls short when it comes to capsulorrhexis and phaco- 
emulsification. The capsule of a pig's eye is elastic and the lens is quite soft, so the resident 
practicing on this model may fail to develop techniques that are transferrable to the op- 
erating room and, even worse, may develop techniques that are counterproductive for a 
successful transition to human cataract surgery. 

For a human or animal eye to be used in simulation, it first must be stabilized. Ex- 
amples of stabilizing devices include a styrofoam head and the Mandell eye mount. The 
styrofoam head is the most commonly used stabilization device (Fig 5-2). Human or ani- 
mal eyes are secured in styrofoam eye sockets with pins. The advantage of the styrofoam 
head is its low cost. A disadvantage of the styrofoam head is that it can move during use. 
In addition, the eye must be pressurized with fluid or an ophthalmic viscosurgical device 
(OVD); this is accomplished by injecting water or OVD through the optic nerve with a 
needle. The Mandell eye mount has a plexiglass platform and uses vacuum suction to 
increase stabilization of the globe. 


Model Eyes 


Low-cost models for practicing capsulorrhexis include cherry tomatoes and grapes. 
Cherry tomatoes should be boiled and chilled prior to use. With magnification from 


Figure 5-1 Animal eyes. From left to right: l PN 
pig, cow, and sheep eyes. (Courtesy of Nebraska Q 
Scientific.) 


fe 
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Figure 5-2 Styrofoam head. This type of head 
can be used to stabilize a human or animal eye 
for simulation. (Courtesy of Bob Feathers.) 





surgical loupes or a microscope, a cystotome and Utrata forceps can be used to peel the 
cherry tomato or grape skin in a continuous curvilinear capsulorrhexis. 

Synthetic model eyes are also commercially available for ophthalmic surgical simula- 
tion and have become increasingly realistic. The advantages of synthetic model eyes in- 
clude more convenient storage, setup, cleanup, and disposal than human or animal eyes. 
The disadvantage is that they are not realistic substitutes for all steps of surgery, such as 
wound construction. Some models are considered useful for ocular trauma simulations, 
including corneal and scleral lacerations, and there are several models made especially for 
practicing corneal and scleral suturing. 

Other tools for cataract surgery training are the Kitaro DryLab and WetLab systems 
(FCI Ophthalmics), SimuloEye (InsEYEt, LLC), Bioniko (Bioniko), Phaco Practice Patient 
(Gulden Ophthalmics), Phake-i (Eye Care and Cure), and anterior segment and vitreo- 
retinal training models manufactured by Phillips Studio. These allow for realistic simulation 
of the steps of cataract surgery, including capsulorrhexis and nuclear disassembly, which 
are particularly challenging. In addition, many of these tools offer advanced technique sim- 
ulations for procedures such as pupil expansion, zonular dialysis, and iris repair (Fig 5-3). 

The fidelity of these synthetic systems is changing the role of phacoemulsification 
training outside the operating room. With them, the experience of performing the cap- 
sulorrhexis feels quite real, and many advanced techniques can be learned with their use, 
such as a can-opener capsulotomy or saving a capsulorrhexis that is extending periph- 
erally. Phacoemulsification grooving using these models provides the resident with an 
opportunity to appreciate depth of field and learn the 3 foot-pedal positions. Nucleus 
disassembly, a complex bimanual maneuver that can be difficult to master in the operat- 
ing room, is realistically simulated by synthetic training systems; Figures 5-3 and 5-4 show 
examples of the Bioniko and Kitaro systems. 
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Figure 5-4 Kitaro WetLab Kit. (Courtesy of FCI Ophthalmics.) 


While no comparative studies of the utility of these different models have been pub- 
lished, many programs utilize these simulation devices to ease residents’ transitions to 
the operating room. Surgical practice is most beneficial when a simulation method with 
reasonable fidelity is incorporated into a well-planned surgical curriculum and when ex- 
perienced faculty members are available for teaching, evaluation, and feedback. 


Extraocular Simulation 


Cadaveric human and animal tissues are also used for extraocular surgical simulation, 
including strabismus surgery and oculoplastic surgery. Cadaveric human tissue is more 
representative of human living tissue but also more difficult to obtain. Animal tissue 
such as pigs’ feet and chicken breasts can be used for suturing practice, as can grapes and 
bananas. Suturing models made of synthetic materials are commercially available from 
several companies (Fig 5-6). There are also commercially available strabismus surgery 
training models that allow for realistic simulation of horizontal and vertical muscle stra- 
bismus surgery. 
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Figure 5-5 Simulation of continuous cur 
vilinear capsulorrhexis. A, Kitaro training 
system. B, Eyesi system. (Part A courtesy of 
FCI Ophthalmics and Frontier Medical; Part B courtesy 
of VRmagic.) 





Figure 5-6 Example of a suturing model for practicing ad- 
vanced flaps and grafts in additional to basic suturing proce- 
dures. (Courtesy of SimSkin.) 





40 è Basic Principles of Ophthalmic Surgery 





Figure 5-7 Eyesi surgical platform equipped with a cataract interface. (Courtesy of VRmagic.) 


Virtual Reality 





Virtual reality (VR) surgical training is a computer-generated 3-dimensional surgical 
environment that allows interaction between the surgeon and a simulated surgical en- 
vironment through visual and tactile feedback. Advances in technology have allowed 
virtual reality ophthalmic surgical simulators to become increasingly realistic. The 
major disadvantage of VR simulators is the high cost—along with a lack of comparative 
data to show that these high-cost investments have advantages over other simulation 
models. 

The most widely studied and commercially available VR surgical simulator in oph- 
thalmology is the Eyesi surgical simulator (VRmagic); it includes a surgical platform that 
can be equipped for cataract and vitreoretinal surgical training modules (Fig 5-7). The 
platform includes an artificial eye, patient head, stereoscopic microscope, adjustable table, 
and foot pedals. Instruments are inserted into the artificial eye, allowing virtual reality 
simulation of the steps taken in ophthalmic surgery. The cataract surgery modules allow 
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simulation of key steps such as capsulorrhexis, hydrodissection, and nuclear disassembly. 
The vitreoretinal surgery module allows simulation of challenging steps such as posterior 
hyaloid detachment, internal limiting membrane peeling, epiretinal membrane peeling, 
and scleral indentation. Complications such as posterior capsule tears can be added to 
training modules as well. 

Other cataract surgery VR simulators include the PhacoVision (Melerit Medical, www. 
melerit.se) and MicrovisTouch (ImmersiveTouch, www.immersivetouch.com). Both pro- 
vide hardware and a surgical platform that includes a microscope, handpieces, and foot 
pedals. Software modules allow for virtual training in the steps of cataract surgery. 


Key Points 





Surgical simulation is an important tool available to the beginning ophthalmic sur- 
geon to accelerate learning and improve patient safety. 

Cadaveric human eyes provide one of the best teaching models but are costly and 
difficult to obtain. 

There are anatomical differences between animal eyes and human eyes, such as the 
more elastic capsule in pig eyes. 

Model eyes are commercially available for ophthalmic surgical simulation and have 
become increasingly realistic, which especially benefits practice of the key steps in 
cataract surgery such as capsulorrhexis and nuclear disassembly. 

Virtual reality surgical training provides a simulated surgical environment, which is 
generally desirable, but the systems are costly. 
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Self-Assessment Test 





1. Which of the following is true of using pig eyes for surgical simulation? 
a. They can be obtained from mail-order companies. 
b. They are poor models for practicing incisions and suturing. 
c. They have lens capsules that are nearly identical to human lens capsules. 
d. They do not require any specialized waste disposal. 
2. Advantages of synthetic model eyes in surgical simulation include which of the 
following? 
a. ease of storage and setup 
b. realistic simulation of the steps for capsulorrhexis and nuclear disassembly 
in cataract surgery 
c. no specialized waste disposal 
d. all of the above 
3. Which of the following is true of virtual reality training? 
a. It has been shown to be superior to other simulation models in randomized 
controlled trials. 
b. It does not allow simulation of surgical complications. 
c. It allows for virtual training in the steps of cataract surgery. 
d. It is always free in residency programs. 
4. Which of the following is true of using cadaveric human eyes for surgical 
simulation? 
a. They are generally easy to obtain. 
b. They do not require any specialized waste disposal. 
c. They have been shown to be superior to other simulation models in ran- 
domized controlled trials. 
d. They are excellent teaching models for ophthalmic surgery. 


For preferred responses, see Appendix A. 
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The Importance of Ergonomics 
for Ophthalmologists 
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“Keep your head up and don’t let anything get to you. Always keep good posture.” This 
advice, attributed to baseball player Dante Bichette Jr, may resonate with aspiring ophthal- 
mology residents. 

The demands on ophthalmologists have changed in recent years. With increasing 
patient volume, decreasing reimbursements, transition to electronic medical records 
(EMRs), and changing procedures, ophthalmologists are exposed to musculoskeletal dis- 
orders (MSDs) earlier in their careers. There is often little time available to care for one- 
self, given the demands of residency, and it is common that seasoned ophthalmologists are 
affected by work-related musculoskeletal pain during their careers. Survey responses from 
ophthalmologists and optometrists have indicated that younger providers (with fewer 
years in practice) and female providers are more likely to experience MSDs. 

Another factor to take seriously is the contributing role of the design of the physical 
environment—in both clinical and procedural settings—and its relationship to the devel- 
opment of MSDs. 


Ergonomics and Ergonomic Risk Factors 





According to the Board of Certified Professional Ergonomists, ergonomics is the scientific 
study of people at work. It applies principles and human data to the design of equipment, 
products, tasks, devices, facilities, environments, and systems to meet the needs for our 
productivity, comfort, safety, and health. Its goal is to design work tasks to that they fall 
within a worker's capabilities. 


Work-Related Musculoskeletal Disorders 


Work-related MSDs are defined as disorders of the muscles, nerves, tendons, ligaments, 
joints, cartilage, and spinal discs. These disorders are also known as cumulative trauma 
disorders, repetitive strain disorders, repetitive motion disorders, and overuse syndromes. 
They occur as a result of cumulative exposure to ergonomic risk factors in the environment 
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over a prolonged period of time. The common risk factors that predispose an individual 
to work-related MSDs are exertions or force, awkward postures or static or sustained pos- 
tures, repetitive behaviors, contact stress, vibration, and extreme temperatures, particu- 
larly cold environments. Tasks that involve multiple risk factors have a higher probability 
of causing work-related MSDs. 

Signs of work-related MSDs include loss of function, decreased grip strength, decreased 
range of movement, and deformity. The symptoms include stiffness, cramping, pain, tin- 
gling, and numbness. Examples of these disorders include carpal tunnel syndrome, herni- 
ated spinal discs, lower back pain, tarsal tunnel syndrome, epicondylitis, sciatica, ganglion 
cysts, tendinitis, rotator cuff tears, stenosing tenosynovitis (trigger finger), and de Quervain 
tendinitis. 

Over the last 20 years, research has shown that ophthalmologists are exposed to a num- 
ber of common ergonomic risk factors in the office and in clinical and operating environ- 
ments. These risk factors include high levels of static loads, extreme or awkward postures, 
lack of head and arm support, repetition of the same task (such as keyboarding), bending 
and twisting of the back, prolonged visual focus, and high cognitive load and mental stress. 

The prevalence of reports of work-related pain and discomfort among ophthalmolo- 
gists and optometrists ranges between 36% and 82%. The most commonly reported areas 
of pain were the lower back (21%-81%), neck (8%-69%), both back and neck (55%-62%), 
shoulder (31%-50%), upper extremity including elbow/arm (17%-33%), hand/wrist 
(17%), and leg (15%). Between 32% and 63% of the practitioners sought no medical treat- 
ment. Those who did seek treatment primarily took nonsteroidal anti-inflammatory 
medications (56%). Others required physical therapy (23%-32%), sought alternative 
treatment from a chiropractor or osteopath (8%), or required surgery (3%-8%). Some 
ophthalmologists who have experienced work-related musculoskeletal disorders have had 
to modify their practices to accommodate the pain, and it is estimated that 9.2% have dis- 
continued the performance of surgery. Table 6-1 summarizes some of the areas in which 
injuries can emerge over time. 


Adopting Ergonomically Friendly Practices 





Chapter 7 covers many recommendations for proper surgeon positioning in the operat- 
ing room, in particular at the operating microscope. Table 6-2 provides a brief sum- 
mary of the ergonomic issues associated with various surgical procedures and outlines 
potential solutions to eliminate or reduce exposures to these risk factors. In general, the 
ergonomic goal for the ophthalmologist is that he or she maintain the normal spinal cur- 
vatures, whatever the task at hand, with lordosis (concavity) of the cervical and lumbar 
spine and kyphosis (convexity) of the thoracic and sacral spine, as seen from the side 
(Fig 6-1). 


In the Operating Room 


It is estimated that 72% of ophthalmologists experience pain associated with the perfor- 
mance of surgery. Use of loupe magnification and headlamps accounts for 61% and 43% 
of the pain, respectively. Activities associated with ergonomic risks for ophthalmologists 
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Table 6-1 Selected Injury Pathways Toward Musculoskeletal Disorders of the Trunk 
and Extremities? 


Area of 

Anatomy Injury Pathway 

Back Maintaining an unbalanced posture for long periods of time produces static 
loading of the soft tissues and ischemic accumulation of metabolites in them. 
This can accelerate disk degeneration and lead to disk herniation. 

Neck Repeated flexion or extension of the neck while at the slit lamp, operating 
microscope, or computer terminal can cause chronic pain and severe spasms. 

Arms, Extended periods of holding the bent arms too high, too low, or unsupported while 

shoulders with a patient, or while entering data into a computer, can produce shoulder 

pain, swelling of tendons and ligaments in the carpal tunnel, and tingling and 
numbness of the fingers and hands from tendinitis and tenosynovitis. 

Arms Repeatedly resting the elbows or forearms on a hard surface during 


procedures, or on malpositioned armrests, can lead to ulnar neuropathy. 


a Frequently, pathways interact to create a complex collection of symptoms that can worsen and/ 
or become chronic over time. Symptoms can vary from day to day, depending on the work activity. 
Musculoskeletal disorders also are multifactorial, potentiated by everything from lifestyle and 
psychological stress to small changes in the way the office or surgical suite is arranged. Often, people 
say they were fine until their normal routines changed because of a new job, new equipment, or 
expanded duties. Some studies have linked musculoskeletal disorders to personal factors such as 


gender, height, and genetic predisposition, but others have not. 


Reproduced with permission, EyeNet 2009;13(8):49-50. 





Table 6-2 Surgical Activities, Ergonomic Risk Factors, and Potential Solutions 


Surgical Activity 


Patient preparation 


During the 
procedure 


Ergonomic Risk Factors 


Forceful exertions and awkward 
postures associated with laying 
down and sitting up the patient 

Forceful exertions associated with 
raising the bed/cart to a working 
height 

Forceful exertions and awkward 
postures while boosting the 
patient on the bed/cart 


Awkward and sustained postures 
associated with injections and 
patient draping 

Awkward and sustained postures 
with the back erect and the neck 
extended while looking into the 
microscope 


Awkward and sustained postures in 
the shoulder while stabilizing the 
hand/wrist position 


Potential Solutions 


Select a bed/cart with a pneumatic 
backrest. 


Select a bed/cart with a pneumatic 
height adjustment. 


Select a bed/cart in which the head 
is appropriately placed prior to 
laying the patient down. 

Have lifting equipment available. 

Raise the height of the bed to 
reduce forward bending. 


Adjust the microscope eyepieces 
(oculars) so that they rest just 
below the eyes; the neck should 
be bent no more than 10-15° 
below horizontal. 

Relax the shoulders and keep the 
upper arms close to the body 
with the elbows flexed at 90°. 

Use a stool that has forearm 
support rests, which will support 
both the shoulders and forearms. 





(Continued) 
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Table 6-2 (continued) 


Surgical Activity 


After the procedure 


Ergonomic Risk Factors 


Awkward posture of the lumbar 
spine resulting in lumbar 
kyphosis 


Awkward posture with the spine 
tilted due to the different height 
profiles of the foot pedals for the 
microscope and the foot pedals 
for other machines, such as the 
phacoemulsification machine 

Forceful, sustained, and repetitive 
precision pinch grip on the 
instruments 

Awkward postures associated with 
documentation 


Potential Solutions 


Select a stool that has a height- 
adjustable backrest to support 
lumbar lordosis and a seat pan 
that has a slight forward tilt to 
maintain lumbar lordosis. 

Ensure that the seat pan is long 
enough to support the thighs. 

Raise the height of the microscope 
foot pedal to be at the same 
height as the other machines’ 
foot pedals. 


Relax the grip as much as possible. 
Use a wrist rest. 


Place the monitors and keyboard 
on a height-adjustable arm. The 
eyes should look to the top of the 
monitor or slightly below, and 
the hands should be at or slightly 
lower than the elbows. 





Figure 6-1 


Good posture is shown: a normal slight ky- 


phosis of the thoracic spine and lordosis of the cervical 
and lumbar spine. Try to keep these natural curvatures 
throughout the day. (Courtesy of Sandra M. Woolley, PhD, CPE.) 


Kyphosis 


Lordosis 





include preparing the patient (Figs 6-2-6-6), performing the procedure (Figs 6-7-6-11), 
and documenting the procedure (Fig 6-12); more specifically, ergonomic issues in the 
operating room are associated with laser surgeries, use of the operating microscope, lim- 
ited freedom to reposition instruments, and focus on the video monitor while using a 


foot pedal. 
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Figure 6-3 Manually lifting/lowering the pa- 
tient. Look at the stance of the health care 
provider on the left. Her back is twisted, and 
she is bent forward. Both providers are ex 
erting considerable force as they attempt to 
raise the patient from a supine position. A 
pneumatic bed would eliminate these issues. 
(Courtesy of Sandra M. Woolley, PhD, CPE.) 





Figure 6-2 Lifting/lowering the bed/cart 
height. Both health care providers are exhib- 
iting awkward postures. The provider on the 
left is exerting force to pump up the bed. 
Using a cart with a pneumatic height ad- 
justment would reduce the ergonomic risk 
factors involved in this scenario. (Courtesy of 
Sandra M. Woolley, PhD, CPE.) 





Figure 6-4 Boosting the patient on the bed/ 
cart. Awkward postures and forceful exer 
tions are being used to boost the patient on 
the cart. Raising the cart would reduce the 
amount of back flexion needed for this activ- 
ity. (Courtesy of Sandra M. Woolley, PhD, CPE.) 
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Figure 6-5 Injecting the patient. The physi- 
cian is bent forward and holding this posi- 
tion for some period of time. Raising the bed 
would help mitigate this awkward posture. 
(Courtesy of Sandra M. Woolley, PhD, CPE.) 


Figure 6-6 Draping and preparing the pa- 
tient. The physician is bent forward, and his 
arms are abducted. Raising the height of the 
cart would reduce stress on the back, neck, 
shoulders, and arms. (Courtesy of Sandra M. Woolley, 
PhD, CPE.) 


Figure 6-7 Note the physician's back and 
neck position while he uses the microscope: 
his neck is in extension. Use of microscope eye- 
pieces that allow for height adjustment (and 
adjustment of them to slightly below eye 
height) would be an improvement. (Courtesy of 
Sandra M. Woolley, PhD, CPE.) 
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Figure 6-8 Sustained shoulder retraction. 
Holding the shoulders in this position provides 
stability to the hands but puts stress on the 
trapezius muscles and may lead to shoulder 
and neck pain. Armrests on the stool would 
provide support for the forearms and alleviate 
the need for shoulder stabilization. (Courtesy of 
Sandra M. Woolley, PhD, CPE.) 


Figure 6-9 Lumbar kyphosis while sitting. 
Because there is no backrest on the stool, the 
surgeon's back is placed in lumbar kyphosis. 
A backrest and a seat that tilts slightly for 
ward would eliminate this posture. (Courtesy of 
Sandra M. Woolley, PhD, CPE.) 
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Figure 6-10 Back tilted due to the different height profiles of the foot pedals. Raising the 
microscope foot pedal slightly would place the feet at a similar height and reduce tilting of the 
trunk. (Courtesy of Sandra M. Woolley, PhD, CPE.) 


Figure 6-11 Prolonged precision gripping of 
the instruments. Attempt to be as relaxed as 
possible while using the instruments. (Courtesy 
of Sandra M. Woolley, PhD, CPE.) 


Figure 6-12 Hands are above the elbows 
while documenting and the eyes are lower 
than the top of the monitor. Placement of 
the monitors and keyboards on a height- 
adjustable sliding arm is important. (Courtesy of 
Sandra M. Woolley, PhD, CPE.) 
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In the Office 


Office ergonomics revolve around 3 critical features: the location of the eyes, the hands, 
and the feet. Many ophthalmologists spend a significant amount of time at the computer, 
and so steps should be taken to ensure proper positioning when using it. 


Monitors 

Monitors should be located at or slightly below sitting/standing eye level (slightly lower 
than eye level is preferable if the computer user is wearing bifocals). They should be no 
closer to the eyes than the length of the arm extended forward and should be positioned 
directly in front of the eyes, in line with the keyboard and mouse. 


Keyboard and mouse 

The hands should be in a neutral position, in line with the forearms, and at the level of the 
elbow or slightly below while resting on the keyboard. The keyboard and mouse should 
be located on the same horizontal surface. 


Chair 

Select a height-adjustable chair with height-adjustable armrests to support the forearms. 
The chair should also have a height-adjustable backrest with lumbar support. There 
should be approximately 3 fingers’ width between the back of the knees and the front 
of the chair. Most chairs have a seat pan that allows the depth of the seat to be adjusted 
to achieve the 3 fingers of distance. The chair should have comfortable padding and a 
rounded “waterfall” seat front, in which the base of the seat slopes down slightly. Sit back 
in the chair and use the backrest, with the thighs parallel to the floor and the lower legs 
perpendicular to the floor; knee flexion should be approximately 90°, and the feet should 
be flat on the floor or a footrest (Fig 6-13). Avoid putting the feet behind the knees. Also 
avoid sitting with the trunk twisted (Fig 6-14), or sitting at an angle to the keyboard and 
monitor (Fig 6-15). 


Figure 6-13 Ideal seated posture. This in- 
cludes feet flat on the floor, knees flexed to 
90°, thighs parallel with the floor, upper arms 
positioned close to the trunk, elbows flexed 
to 90° or less, and the head facing forward 
without any neck flexion or extension. 
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Figure 6-14 Avoid sitting with the trunk 
twisted. (Courtesy of Lucas T. Digman.) 


Figure 6-15 Avoid sitting at the edge of the 
chair. Sit back in the chair to take advantage 
of the backrest. Lower the monitor so that 
the top of the monitor is level with or slightly 
below eye height. (Courtesy of Lucas T Digman.) 





In the Clinic 


Research has shown that there is a positive relationship between the number of eye 
examinations performed per day and the reported incidence of pain and discomfort. 
It has been suggested that conducting more than 11 eye exams per day is associated 
with a 50% increase in the risk of neck, shoulder, upper/lower back pain, and elbow/arm 
discomfort. Tasks such as slit-lamp biomicroscopy, indirect ophthalmoscopy, and direct 
ophthalmoscopy produce ergonomic risk factors such as nonneutral postures and pro- 
longed static muscle contractions in the neck, shoulders, trunk, and upper extremities. 
Table 6-3 provides a brief summary of the ergonomic risk factors associated with various 
clinical activities and lists potential solutions to eliminate or reduce exposure to these 
risk factors. 
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Table 6-3 Clinical Activities, Ergonomic Risk Factors, and Potential Solutions 


Clinical Activity 


Slit lamp 


Indirect 
ophthalmoscopy 


Direct 
ophthalmoscopy 


Ergonomic Risk Factors 


Forward trunk flexion, shoulder 


protraction, forward head, neck 
extension, lumbar kyphosis 


Arm controlling the slit lamp: 


upper arm is close to the body, 
the elbow is leaning on the 
sharp edge of the slit-lamp 
table, the wrist is flexed and the 
hand exhibits a lateral grip. 


Arm with the lens: unsupported 


shoulder flexion and abduction, 
elbow flexion with contact stress 
at the elbow or the elbow being 
unsupported above the slit-lamp 
table surface, wrist extension, 
ulnar deviation, and pinch grip 
on the hand with the lens 


Forward trunk flexion and 


excessive neck flexion. The 
weight of the ophthalmoscope 
tends to pull the head and neck 
into flexion. 


Trunk flexion, one shoulder is 


higher than the other, and neck 
flexion. The trunk is also twisted. 


Potential Solutions 


Raise the stool so that the eyes 
are positioned just above the 
eyepieces. Maintain a neutral 
posture of the trunk, with the 
cervical and lumbar spine 
in lordosis and the thoracic 
spine in kyphosis. It may be 
helpful to visualize the ischial 
tuberosity (the “sit bones” of 
the pelvic girdle), the bony 
parts you feel under you when 
sitting up straight on a firm 
surface. Relax your shoulders 
and sit up straight. Your feet 
should be positioned flat on 
the floor. 

Provide a padded surface to 
reduce the contact stress at the 
elbow. Increase the size of 
the dial control to reduce hand 
pinching. 


Move closer to the slit-lamp table 
surface to reduce the amount 
of unsupported arm flexion. 
Provide a padded support 
surface for the elbow. 


Raise the height of the chair to 
reduce neck flexion. 


Raise the patient’s chair to reduce 
the amount of trunk flexion. 





The following clinical activities have associated ergonomic risk factors: 


use of the slit lamp (Figs 6-16-6-19) 
e indirect ophthalmoscopy (Figs 6-20, 6-21) 
e direct ophthalmoscopy (Figs 6-22, 6-23) 


Ergonomic considerations are particularly important with the increasing use of elec- 
tronic medical records (EMRs). EMRs are thought to have a positive impact on the man- 
agement of patient information, which results in increased productivity and efficiency, 
reduction in medical errors, and improved workflow. However, the uptick in use of 
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Figure 6-16 A, Notice the flexion and abduction of the arms, the neck extension, and forward 


head position. B, With the elbow supported, less stress is being placed on the shoulder and 
neck muscles. (Parts A and B courtesy of Lucas T. Digman). 








Figure 6-17 Notice that the hands are higher Figure 6-18 The lens-side arm is abducted, 

than the elbows and that the arms are not flexed, and unsupported. Proper posture and 

well supported on the slit-lamp surface. (Cour added supports would reduce strain on the 

tesy of Sandra M. Woolley, PhD, CPE.) shoulder muscles. (Courtesy of Sandra M. Woolley, 
PhD, CPE.) 
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Figure 6-19 Notice the contact stresses on the 
right wrist and the left forearm, where the tis- 
sues are compressed between the bones and 
the sharp edge of the slit-lamp table. Consider 
padding or rounding of the edges for the slit- 
lamp table. (Courtesy of Sandra M. Woolley, PhD, CPE.) 








Figure 6-20 Use of the indirect ophthalmo- Figure 6-21 The provider's trunk is twisted. 
scope results in neck and trunk flexion. Rais- (Courtesy of Lucas T. Digman.) 

ing the chair would mitigate the amount of 

flexion needed. (Courtesy of Lucas T. Digman.) 
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Figure 6-22 Note that the provider is bent 
forward and that her back is twisted. Raising 
the chair would reduce the amount of forward 
back flexion. (Courtesy of Lucas T. Digman.) 


Figure 6-23 The wearing of a fitted skirt re- 
sults in the physician’s assuming a side-saddle 
position: her back and neck are twisted. (Cour 
tesy of Lucas T. Digman.) 





different computing technologies and the retrofitting of older facilities with computing 
capabilities may lead to an increased incidence of MSDs. 

A 2014 survey of physicians, nurse practitioners (NPs) and physician assistants (PAs) 
found that there was a significant increase in clinical computer usage with the implementa- 
tion of EMRs. Weekly complaints of neck, shoulder, and upper back pain were reported by 
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three-quarters of the respondents. Between 50% and 60% reported lower back pain and right 
wrist problems. Complaints about reduced personal interactions with patients—because the 
physician interacts with the computer rather than with the patient, who is also in the room, 
thereby reducing face time during a visit—have also been expressed. A major issue uncov- 
ered by the survey was poor workplace design; it reportedly does not support intensive com- 
puter use and yet places technology obtrusively within the health care environment, which 
respondents believe also negatively impacts the quality of the patient experience. It has been 
suggested that voice recognition software used in conjunction with the EMRs has the poten- 
tial to reduce the prevalence, frequency, and severity of MSD symptoms. 

More devices are now being used to access the EMRs, including wall-mounted com- 
puters, mobile carts and workstations on wheels (WOWs), tablets, and other hand-held 
devices. Wall-mounted computers are subject to challenges regarding the height adjust- 
ability of the monitor and the limited possibilities for sitting and standing work. Commu- 
nicating with patients while facing a wall is also a not ideal. Typically, stools are available 
for sitting in front of wall-mounted computers, but they lack significant height adjustabil- 
ity and seat pan length, and often do not have armrests or back support. Due to infection 
control concerns, keyboards need to be cleanable and so are often covered in silicone, 
which may require more exertion to depress the keys. Similar issues are observed with 
WOWs. Tablets and smaller devices allow for more flexibility but the visual displays are 
not conducive to having multiple screens open simultaneously. 

It is recommended that the same consideration given to the ergonomics of a more 
traditional office environment be extended to include the ergonomics of using EMRs in 
the clinical environment. Even though research suggests that two-thirds of caregivers do 
not use the adjustment features for EMR technology, doing so can reduce the incidence 
of MSD injuries. 


Reducing the Risk of Developing Musculoskeletal Disorders 





Research suggests that a comprehensive approach to preventing the development of work- 
related MSDs is also the most effective one. A first step is to recognize the ergonomic risk 
factors in the work area and to redesign the workplace layout, equipment, and practices in 
order to reduce exposure to these risk factors. Consideration should also be given to indi- 
viduals’ lifestyle choices, as incorporating stress management techniques and practices 
can be very helpful in reducing MSDs: 


e An exercise program with a strength-training component can increase muscular 
gains and significantly reduce pain scores, the number of days absent from work, 
and the prevalence of work-related MSDs. 

e It has been found that ophthalmologists who exercise 5 hours per week are signifi- 
cantly less likely to experience pain associated with performing surgery and are less 
likely to need to modify their surgical practice. 

e Stress management practices, such as yoga and meditation may be helpful in reduc- 
ing physical and mental stress, thereby reducing the severity and potential inci- 
dence of MSDs. 
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e Although the relationship between exercise-stretching programs and the preven- 
tion of work-related MSDs has had mixed reviews, there appear to be some positive 
effects of routine stretching. 


Another factor to consider is the recognized association between high perceived work- 
related and non—work-related stress and the development of work-related MSDs. There is 
also evidence of a link between high job demands and work-related MSDs. 


Key Points 





e Pay attention to maintaining the correct curvature of the spine. 

e Rest elbows and wrists on cushioned surfaces. 

e Avoid maintaining positions in which extremities are suspended and unsupported. 

e Perform stretching exercises throughout the day. 

e Maintain a healthy lifestyle; include regular exercise and stress-management 
techniques. 

e If you experience symptoms of work-related MSDs, seek medical advice early on. 
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Self-Assessment Test 





1. During surgery or a procedure, which of the following is an important 
consideration? 
a. Eyepieces should be adjusted so that they are just above eye level. 
b. Arms should be held away from the body to strengthen the deltoids. 
c. Because it encourages self-regulation of posture, a stool without a back rest 
should be used. 
d. Use of a wrist rest can aid in hand stabilization. 
2. Which of the following is incorrect regarding the ergonomics of computer use? 
a. If you are using the computer only for a short time, it is acceptable to twist 
your trunk so that your arms and legs are not aligned above one another. 
b. The chair height should be adjustable and you should sit back in the chair 
and use the back rest. 
c. The monitor should be positioned directly in front of your eyes, at or slightly 
below eye height, with the monitor extended an arm’s length away. 
d. Feet should be placed flat on the floor, not behind the knees. 
3. Why is understanding ergonomic issues relevant to ophthalmology residents? 
a. Survey studies show that about 50% of ophthalmologists experience or suf- 
fer from work-related musculoskeletal disorders. 
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b. The costs of lost work time due to musculoskeletal disorders can be signifi- 
cant for the doctor, patients, and employers. 


c. Steps can be taken to help prevent work-related musculoskeletal disorders. 
d. All of the above. 


For preferred responses to these questions, see Appendix A. 
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The Operating Microscope 
and Surgical Loupes 


Norman A. Zabriskie, MD 
Daniel I. Bettis MD 


The development of the surgical microscope revolutionized ophthalmic surgery. The 
modern surgical microscope makes possible the current standard of small-incision 
phacoemulsification with capsulorrhexis, complete nuclear and cortical removal, preser- 
vation of the posterior capsule, and intracapsular (“in-the-bag”) placement of a foldable 
intraocular lens. Most vitreoretinal surgical procedures are wholly dependent on the high 
magnification, lighting, and depth perception that the microscope affords. Surgical loupes 
provide magnification as well and have unique advantages and disadvantages when com- 
pared to microscopes. This chapter describes the practical use of both instruments in the 
operating room. 

Just as a smooth cataract operation depends on the successful completion of a series 
of maneuvers in their proper order, maximal benefit from the operating microscope is 
obtained by the surgeon’s repeating certain steps carefully and effectively every time it 
is used. These include ensuring proper positioning of the patient and surgeon, correctly 
positioning the hands to reduce tremor and fatigue, and efficiently operating the micro- 
scope controls. Refer to Chapter 6 for additional information about the importance of 
ergonomics for the ophthalmologist. 


Advantages and Disadvantages of Magnification 





The many advantages of the modern-day surgical microscope may seem intuitive. Its 
lighting is excellent and uniform throughout the surgical field, and a good red reflex is 
usually readily obtained. Newer illumination systems can even enhance the red reflex in 
cases in which it might otherwise be attenuated, such as with small pupils. The light inten- 
sity is adjustable, and filters protect the patient and surgeon from phototoxic effects. The 
optical system provides the surgeon with an excellent binocular wide-field stereoscopic 
view. Most microscopes can provide a stereoscopic view through an assistant arm as well, 
usually by way of a beam-splitter that divides the light between the surgeon and the assis- 
tant, historically in a 70/30 proportion. However, the newest generation of microscopes 
provides 100% stereovision and 100% illumination to both the surgeon and the assistant 
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via independent light sources. Such an advancement is particularly useful for teaching 
institutions, where residents perform surgery while faculty supervise through the assistant 
arm of the microscope. 

Magnification itself is a significant advantage in ophthalmic surgery, but the control 
and variability of this magnification are the key benefits. Most microscopes offer a range 
of magnification from approximately 10x to 30x, controllable with foot pedals. Thus, the 
surgeon can focus on the posterior capsule and then into the anterior chamber, or from 
the mid-vitreous to the retinal surface, with a touch of the foot pedal. Motors on the 
microscope also provide motion control of the optical system in the x-y axes. This allows 
adjustment of the microscope to compensate for minor patient movements that change 
the operating axis. 

The benefits of the microscope far outweigh the disadvantages, but several disadvan- 
tages deserve mention. Because of the high magnification, even the slightest vibration can 
disturb the view through the microscope. For this reason, operating rooms that house 
surgical microscopes must be constructed to very high vibration-dampening standards. 
Even maintenance or construction in adjacent rooms or on other floors can cause exces- 
sive vibration. High magnification also places greater demands on the surgeon; any hand 
tremor or surgical misstep is magnified. Controlling tremor and nerves can be more dif- 
ficult in such a setting, especially for the beginning surgeon. 

Another disadvantage of the operating microscope is that procedures that require the 
surgeon to view the surgical field from multiple angles (eg, oculoplastic, strabismus, or 
scleral buckle surgeries) are not easily performed. Fortunately, surgical loupes provide a 
good alternative because of the flexibility of their viewing angle and an amount of mag- 
nification that is well suited to these tasks. The main disadvantage of loupes is their fixed 
focal length, which results in a fixed working distance for the surgeon. 


Patient Positioning 





Good patient positioning is essential for proper use of the surgical microscope. The goals 
of patient positioning, as related to the microscope, are to (1) maximize the view of the 
surgical field, especially the red reflex, (2) minimize the need for microscope adjustment 
during surgery, (3) facilitate good patient fixation on the microscope light for procedures 
performed under topical anesthesia, and (4) prevent excess light exposure to the patient. 

Careful positioning of the operative eye relative to the microscope is the first step in 
a successful surgery. Position the patient so that the corneal surface of the operative eye is 
parallel to the floor (Fig 7-1). This recommendation holds whether the surgical approach 
is temporal or superior, and whether retrobulbar or topical anesthetic will be used. Posi- 
tioning the eye surface parallel to the floor is most easily accomplished if the surgical bed 
has a separate headrest with its own adjustment system (Fig 7-2). Usually both the tilt and 
the vertical position of the headrest can be altered without affecting the patient's overall 
position. With this flexibility, the surgeon can be very precise in adjusting the patient's 
head even when anatomical challenges, such as kyphosis, can make proper positioning 
difficult on a traditional operating room bed. 


CHAPTER 7: The Operating Microscope and Surgical Loupes e 65 


Figure 7-1 Good patient positioning: the eyes 
are parallel to the floor. This maximizes the 
view for the surgeon and allows the patient to 
better fixate on the microscope light. (Courtesy of 
Daniel |. Bettis, MD.) 








Figure 7-2 Surgical bed. A, Outpatient surgical bed with separate headrest and independent 
headrest controls. B, Levers on the underside of the headrest allow for independent adjust- 
ment of elevation and tilt of the headrest. (Courtesy of Daniel |. Bettis, MD.) 


Having the operative eye parallel to the floor is essential for proper use of the mi- 
croscope, and especially when used for topical anesthetic procedures. Such positioning 
allows the visual axis to be centered between the upper and lower eyelids when the patient 
fixates on the microscope light. This maximizes the quality of the surgical view as well as 
the red reflex, and it helps the patient maintain proper fixation on the microscope light. 
If the patient is positioned so that her chin is up (Fig 7-3) and the superior limbus of the 
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Figure 7-3 The “chin-up” patient position. Figure 7-4 The “chin-down” patient position. 

This posture drives the eye to the lower eyelid This position drives the eye to the upper eye- 

when the patient fixates on the microscope _ lid. This is a particularly troublesome position 

light. (Courtesy of Daniel |. Bettis, MD.) for a right-handed surgeon operating on a left 
eye from the temporal approach. (Courtesy of 
Daniel |. Bettis, MD.) 


eye tilts toward the floor, fixation on the microscope light by the patient drives the eye 
toward the lower eyelid. This can hinder the surgical view, surgical access, and the red 
reflex. Conversely, if the patient is in the chin-down position, with the inferior limbus 
tilting toward the floor, fixation on the microscope light drives the eye toward the upper 
eyelid, causing similar problems (Fig 7-4). This latter problem is made worse by the Bell 
phenomenon: attempted eyelid closure results in supraduction. Failure to position the 
patient far enough onto the headrest is a common cause of the chin-down position. Before 
starting the procedure, ensure that the patient’s head is properly situated on the headrest. 
This will result not only in better patient positioning for surgery, but also greater comfort 
for the patient, since the head and neck are much better supported. 


Pearls and Pitfalls of Patient Positioning 


If the patient is positioned properly at the start of the procedure, any subsequent move- 
ment of the eye out of the surgical field is unwanted; if it occurs, the cause should be 
ascertained and corrected. In most cases, excessive movement of the operative eye is due 
to improper hand position by the surgeon; however, sometimes the patient simply moves. 
If the procedure is being performed on a patient under topical anesthesia, the patient may 
lose fixation on the microscope light. A gentle reminder from the surgeon to “look at 
the light” or “find the light” will correct this problem. However, if after refixation on the 
microscope light the upper eyelid still partly obscures the operative eye, the patient has 
probably dropped her chin, and if the operative eye is covered by the lower lid, the patient 
has lifted her chin. The surgeon need simply ask the patient to “lift your chin” or “drop 
your chin,” and the problem is often corrected. 

The operative eye moving away from the surgeon is a common positioning problem 
during surgery from the temporal approach. For example, if the surgeon operates on a left 
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Figure 7-5 The patient unable to lie flat can 
be successfully positioned using this strat- 
egy: the head of the bed is elevated, the bed 
is raised, and then a Trendelenburg position 
places the eye properly for the microscope. 
(Courtesy of Daniel |. Bettis, MD.) 
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eye temporally from the 3 oclock position, the eye may move toward the 9 oclock posi- 
tion, requiring the surgeon to repeatedly use the x-y control on the foot pedal to move 
the microscope in that direction to center the image. Although this movement is usually 
due to the surgeon displacing the eye nasally with improper hand position (and so lift- 
ing the surgical wound and/or the paracentesis), there is also a tendency for the patient 
to rotate his head away from the temporal incision site. To correct this head rotation, the 
patient can be asked to rotate his head back toward the surgeon, or gently, in a very slow 
and controlled fashion, the surgeon can rotate the head back toward herself. The latter 
approach is safer and more effective. Occasionally, patients have such a strong tendency 
to roll away from the incision site that the surgical assistant or scrub nurse must hold the 
patient's head in place. 

Some patients are not able to tolerate lying flat. This may be due to difficulty breath- 
ing in the supine position, dizziness, or the patient’s body habitus (eg, obesity and spinal 
kyphosis). One strategy for such patients is to elevate the head of the bed 15-30°. Raise the 
entire bed, and then use the Trendelenburg pedal to lower the head into position (Fig 7-5). 
This method maintains the 30° angle of the patient while keeping the head properly situ- 
ated for the microscope. This “V”-position reduces the patient’s sensation of lying flat and 
therefore results in better tolerance of and cooperation during the surgery. This method 
works well for the patient who is significantly kyphotic (the head of the kyphotic patient 
would remain elevated above the headrest if she were placed in the supine position). The 
head is brought into contact with the headrest and the patient can be positioned with her 
eyes parallel to the floor. 

Infants and small children can also pose unique positioning problems. The primary 
problem is that the infant head is bigger in proportion to the body than the adult head, 
which results in an exaggerated chin-down position. Due to anesthesia requirements, 
pediatric ophthalmic procedures are often performed in main hospital operating rooms, 
on traditional surgical beds without separate headrests and independent controls. A 
shoulder roll (usually a rolled towel of appropriate size) placed under the child’s shoulders 
extends the neck and brings the head into position such that the eyes are parallel to the 
floor. The microscope can then be positioned as usual. This method can also be used for 
adults when a surgical bed with independent headrest adjustment is not available. 
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Surgeon Positioning 





Proper positioning of the surgeon in relationship to the microscope allows easy control of 
the microscope foot pedal and the maintenance of surgeon comfort throughout the case 
without disturbance of the surgical field. Most types of intraocular surgery that employ an 
operating microscope are performed with the surgeon sitting at the head of the patient. 
Therefore, the patient’s bed must be raised enough to allow the surgeon's legs to slide 
underneath it. This can be thought of as placing the head of the patient in the lap of the 
surgeon; when the microscope is brought into position directly over the patient, the sur- 
geon does not have to lean too far forward or back to look through the microscope ocu- 
lars. This positioning promotes surgeon comfort during the case and places the surgeon's 
hands in the most ergonomically favorable position. 

The microscope pedal is positioned to allow manipulation by the foot without altera- 
tion of the position of the surgical field. With the surgeon in the 12 oclock position, the 
microscope pedal can be placed slightly to the side of the patient and the table. A second 
control pedal, for example one that operates a vitrectomy unit, can be placed on the other 
side. The surgeon's legs are then not directly under the bed and therefore it is easy to use the 
pedals without inadvertently bumping the surgical table and changing the position of 
the surgical field (Fig 7-6). 


The Temporal Approach 


Proper surgeon positioning for the temporal approach is more difficult. As with other 
approaches, the surgeon's legs need to be far enough under the head of the patient's bed; 
this ensures that the surgeon has good posture and isnt leaning too far forward or back. 


Figure 7-6 Surgeon in the 12 o'clock position. 
The pedals are situated just to the sides of the 
patient and table. In the 12 o'clock position 
it is relatively easy for the surgeon to avoid 
inadvertent contact with the table. (Courtesy of 
Daniel |. Bettis, MD.) 
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Figure 7-7 Surgeon prepared to operate ona 
right eye in the temporal position. Note that 
the right leg is completely under the surgical 
bed. (Courtesy of Daniel |. Bettis, MD.) 





(See Chapter 6.) The challenge comes in placing the control pedals for the microscope 
and phacoemulsification unit. In the temporal position, one of the surgeon's legs will be 
directly under the surgical bed. For example, when operating on the right eye of a patient 
from the temporal approach, the right leg of the surgeon is completely under the bed 
(Fig 7-7); temporal surgery on the left eye dictates that the surgeons left leg is under the 
bed. Especially for a taller surgeon, keeping the leg clear of the table can be difficult. For 
the temporal approach, as compared with the 12 oclock position, the bed must be raised 
to accommodate the surgeon's legs. Because the bed must be higher, the microscope must 
also be raised to allow proper focus. However, the surgeons chair cannot be raised the 
same amount or again the surgeon will bump the bottom of the table. Thus, the surgeon— 
particularly the surgeon with a short torso relative to leg length—must assume an upright 
seated posture to reach the oculars of the microscope. As is discussed later in this chapter, 
erect torso posture is an important element in stabilizing the hands. 


Pearls and Pitfalls of Surgeon Positioning 


In summary, good positioning starts by making sure that the surgeon’s body is sufficiently 
underneath the head of the patient. This is true for both the 12 oclock position and the 
temporal approach. If the surgeon is not close enough to the patient, and the head of the 
patient does not overlie at least the knees and perhaps the thighs of the surgeon, the sur- 
geon must lean too far forward to reach the microscope oculars. This is uncomfortable 
for the surgeon and extends the arms away from the body, which makes it more difficult 
to stabilize the hands. In the proper position relative to the patient, the surgeon will have 
erect torso posture and lean slightly forward at the waist to reach the microscope oculars. 
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Positioning the Bed 





The most common positioning error the beginning surgeon makes when operating from 
the temporal position is failing to raise the bed high enough. This is typically not a prob- 
lem at the head of the patient, since in the 12 oclock position the surgeon’s legs are posi- 
tioned on either side of the patient’s head in order to control the foot pedals. However, as 
mentioned before, in the temporal position one leg has to be under the table. This creates 
a problem: since when the bed is not high enough, the surgeon bumps the underside of 
the table with his or her leg while maneuvering the pedal. This action elevates the bed 
slightly, which causes the surgical field to go in and out of focus under high microscopic 
magnification. 

The bumping action can be a major problem for the beginning surgeon. It is far more 
common to bump the table while controlling the microscope pedal than the phacoemul- 
sification unit pedal, as the latter requires a downward motion on the foot pedal, which 
lowers the knee. The microscope pedal, however, requires a rocking motion with the foot, 
as the focus tab is controlled with the toe and the zoom tab is controlled with the heel. 
When the foot is flat on the pedal, both the toe-down position that controls the focus tab 
and the heel-down position required for the zoom tab elevate the knee, and it is during 
these maneuvers that the bed is most likely to be bumped. 

These 3 steps, taken prior to starting the surgical case, can help prevent the 
problem: 


1. Determine the bed height that will allow your legs to slide comfortably under 
the patient’s head. 

2. Make sure that the clearance is still adequate when your feet are on the pedals. 
Beginning surgeons often set the bed height with their feet flat on the floor, which 
results in the bed being too low for proper positioning. 

3. If the microscope pedal is the one directly under the patient, rock your foot back 
and forth, controlling the focus and the zoom while ensuring proper clearance. It 
is common for the beginning surgeon to have a leg extended all the way to the joy- 
stick of the pedal when setting the bed height; once the case starts, and the surgeon 
has to bring the foot back to use either the focus or zoom tabs, the knee elevates 
dramatically and the bed is disturbed. 


For surgeons with relatively short torsos or long legs, achieving the necessary clear- 
ance of the bed over the legs can sometimes be a challenge. One option involves flaring 
the knee out slightly, and so operating the microscope pedal with the outside of the foot 
(Fig 7-8). This lowers the leg and allows the foot to work the pedal with very little eleva- 
tion of the knee and therefore little disturbance of the surgical bed. Another option for 
surgeons with certain body types is to use newer microscope oculars that extend down 
from the microscope head. Because these allow the microscope to be higher relative to the 
surgeon’ eye level, the bed can also be raised more. For some, this results in better clear- 
ance of the legs under the operating table. Simple experimentation is often the best way to 
determine which setup suits a given surgeon. 
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Figure 7-8 Flaring the left leg and operating 
the foot pedal with the outside of the left 
foot drops the leg significantly and improves 
clearance under the bed. See Chapter 7 for 
additional information on positioning. (Courtesy 
of Daniel |. Bettis, MD.) 





Stabilizing the Hands 





The greatest advantage of the operating microscope also creates the greatest surgical chal- 
lenge. The high magnification provides excellent visualization of fine tissues and delicate 
maneuvers, but it exaggerates any aberrant hand movement. (See also Chapter 3.) This 
can create a vicious cycle. Surgeon anxiety causes a minor tremor, which when viewed 
under the microscope appears much greater than it actually is. This in turn fosters more 
nervousness, with even greater tremor, and so on. Learning to properly stabilize the hands 
and thereby decrease hand tremor is one of the greatest challenges facing the novice sur- 
geon. Keeping the hands well stabilized can dramatically increase the surgeon’s comfort 
level and confidence. 
Stabilizing the hands involves 4 steps: 


1. The large arm and shoulder muscles must be stable enough to remain nearly 
motionless throughout the case; they should not really participate. 

2. The hands should be stabilized, usually at the wrist. 

The small hand muscles must be kept loose and relaxed while working. 

4. Any tremor may be dampened with counter touch from the nondominant hand. 


ed 


Stabilizing the Large Arm and Shoulder Muscles 


Stabilizing the hands begins by removing the large muscles from the surgical equation. Two 
important signs indicate that the large muscles are being used: elevation of the shoulders 
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Figure 7-9 Sitting with erect torso posture Figure 7-10 If the surgeon's chair is too high, 
lowers the shoulders into a comfortable posi- he or she must crouch to reach the oculars. 
tion and helps to relax the large shoulder and This causes the shoulders to rise, which tends 
arm muscles. See Chapter 6 for additional to tighten the shoulder and arm muscles. 
information on positioning. (Courtesy of Daniel |. (Courtesy of Daniel |. Bettis, MD.) 

Bettis, MD.) 


and elevation of the elbows. Lifting the shoulders, as in a shrug, tightens the muscles all 
the way down the arms and increases tremor. An erect torso posture drives the shoulders 
down into a relaxed position (Fig 7-9). If, on the other hand, the surgeon has the chair too 
high, he or she must crouch into place at the microscope oculars (Fig 7-10). This position is 
much more conducive to shrugging the shoulders, causing arm and hand tightness. If you 
begin to feel tense during surgery, try consciously “dropping the shoulders.” This creates a 
relaxed posture with a profound effect on hand stability. 

Raised elbows are another sign that the large muscles are too active. This position also 
elevates the wrists off their support, which greatly destabilizes the hands. There are 2 ways 
to ensure that the elbows are staying low and in a relaxed position: The first involves use 
of a surgical chair that has armrests (Fig 7-11). This allows excellent support for the entire 
forearm, from the elbow to the wrist, with the elbow in constant contact with the armrest. 
If the surgeon becomes aware that the elbow is not in contact with the armrest, he or she 
knows that the elbows are raised and should be dropped into a better position. A second 
method is use of a wrist rest. Again, elevation of the elbows lifts the wrists off the rest; on 
recognizing this the surgeon should drop the elbows and shoulders if necessary and repo- 
sition the wrists back onto the rest. 
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Figure 7-11 Surgical chair with adjustable arm- 
rests. (Courtesy of Daniel |. Bettis, MD.) 





Stabilizing the Hands at the Wrists 


It is critical that the hands be stable at the wrists. A chair with armrests provides excellent 
stabilization of the forearm and wrist. Often the armrests are sufficient, but a wrist rest can 
also be used separately. It is important to remember that the wrist rest (and/or armrests) 
must be set at different heights depending on the surgeon’s position. When working in the 
12 oclock position, the surgeon’s hands have to come over the brow and then down to the 
eye; the wrist support must therefore be set high enough to accomplish this (Fig 7-12). 
Conversely, when the surgeon operates temporally, the wrist support can be set lower. The 
surgeon should have the mental image of the wrists set low and the hands coming “up” to 
the eye. 


Relaxing the Small Hand Muscles 


The next step in reducing tremor is to relax the small hand muscles and keep them tension- 
free. This is extremely difficult without first relaxing the large muscles and supporting the 
wrists. The enemy of such relaxation is a tight hold on the instruments. The beginning 
cataract surgeon sometimes grips the phacoemulsification handpiece too tightly, which 
makes reducing tremor difficult. Hold the instrument like a pencil and with a light grip 
(Fig 7-13); this allows the hand to relax. A good practice maneuver is to take a large- 
diameter pen, let it rest between the thumb and first 2 fingers of the dominant hand, and 
practice rotating the pen back and forth as gently as possible while keeping the rest of 
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Figure 7-13 The instrument should be held 
like a pencil and with a light grip. This helps 
to relax the muscles in the hand and reduce 
tremor. (Courtesy of Daniel |. Bettis, MD.) 





Figure 7-12 In the 12 o'clock position, the 
wrist rest is set a little higher to allow the 
hands to come over the brow and down to 
the eye. (Courtesy of Daniel |. Bettis, MD.) 


the hand still. This mimics the required maneuvers of cataract surgery, in particular the 
irrigation and aspiration step during cortical removal, and teaches the surgeon to keep 
the hands relaxed. 


Dampening Tremor With Counter Touch 


One of the most effective means of reducing hand tremor is to touch the instrument with 
the nondominant hand. Of course, this is not possible when both hands are being used, 
but, for example, if the surgeon is holding an instrument in his or her dominant right 
hand, using the left index finger to lightly touch the instrument greatly reduces tremor. 
The classic example is during the capsulorrhexis step of cataract surgery, which is a one- 
handed maneuver that usually involves forceps: Grasp the forceps lightly, like a pencil, 
with the thumb and first 2 fingers of the dominant hand. Next, take the index finger of 
the nondominant hand and touch the forceps just below the fingers of the dominant hand 
(Fig 7-14). This is a very stable hand position and can dramatically reduce hand tremor. 


Pearls and Pitfalls of Hand Stabilization 

Incorrect hand position causes several common problems related to use of the micro- 
scope during surgery. While there is a tendency for the operative eye to move away from 
the surgeon during the case (often because the patient has difficulty fixating on the 
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Figure 7-14 Countertouch with the nondominant hand sig- 
nificantly dampens tremor. It can be used during one-handed 
maneuvers such as capsulorrhexis. (Courtesy of Daniel |. Bettis, MD.) 





microscope light or because the patient has rolled her head away from the surgeon), the 
most common cause of unwanted shift is by far poor hand position, specifically, lifting 
of the hands. 

Incorrect hand position, particularly when the wrists and hands are elevated, causes 
several problems, especially during cataract surgery. First, the lifting of the hands causes 
the phacoemulsification handpiece to angle downward in the eye; this creates a down- 
ward vector during lens sculpting, which is not desirable for zonule preservation. Second, 
the downward angle of the instrument opens the incision. This allows fluid to escape the 
eye too quickly, causing the anterior chamber to shallow, thus increasing the risk of the 
posterior capsule breaking. Third and most important in the context of the microscope, 
hand lifting persistently pushes the operative eye away from the surgeon, either down 
toward the lower lid if the surgeon is in the 12 oclock position or toward the nose if the 
surgeon is operating temporally. This requires frequent adjustment of the microscope 
position. The beginning surgeon can learn to recognize and correct this problem. If 
she repeatedly uses the foot pedal joystick to move the microscope away from herself, 
the remedy is to drop the hands and bring the wrists and hands back into contact with the 
wrist rest or armrest. 

Another common microscope-related problem caused by poor hand position is ex- 
cessive side-to-side eye movement. This can happen in either the 12 oclock position or 
the temporal approach. The most common cause is failure to keep the surgical instrument 
centered in the incision. This is one of the most difficult concepts for the new surgeon to 
put into practice. The natural tendency is to move the instrument laterally in the incision, 
but when the endpoint of the incision is reached, the whole eye moves in that direction. 
The proper technique is to keep the instrument centered in the incision and to pivot from 
that point, using the wound as a fulcrum. A good visual concept is to picture the instru- 
ment as the oar of a boat. At the wound entrance into the eye, the instrument is locked 
into place, like the oar in an oarlock on the side of a boat: at this point the instrument 
(or oar) cannot move laterally, it can only pivot. Learning this technique for intraocular 
surgery, especially cataract surgery, is essential if the eye is to remain centered in the mi- 
croscope field. This technique also reduces corneal striae, especially when creating the 
capsulorrhexis. 


76 e Basic Principles of Ophthalmic Surgery 


Microscope Function 





Once the patient is well positioned, the surgeon is comfortable, and the surgeon’s hands 
are stabilized, attention is directed to the microscope itself. Four key points in the proper 
operation of the microscope include: 


gross maneuvering of the microscope and centering of its axes 
positioning and setting of the oculars 

adjusting the microscope during the case 

controlling the lighting 


me ber 


Gross Maneuvering of the Microscope 


Modern microscopes can be either ceiling- or floor-mounted. Ceiling-mounted micro- 
scopes are useful when there is a dedicated operating room for microsurgery. They pose 
less of a physical obstacle within the operating room and do not have to be repositioned 
for each patient. Nevertheless, floor-mounted microscopes are common. When the sur- 
geon is in the 12 oclock position, the floor-mounted microscope is usually placed on the 
side of the surgeon’s nondominant hand. This allows the surgical instruments to be arranged 
on the other side, at the ready for the surgeon’s dominant hand. Alternatively, the micro- 
scope may always be placed on one side or the other regardless of the operative eye, and it 
functions very well in this manner. Floor-mounted microscopes provide a great advantage 
in that they can be moved from room to room. Ceiling- and floor-mounted microscopes 
share most other technical features. 

The microscope head is attached to an elaborate swinging arm (Fig 7-15). The various 
pivot points in the arm can be changed to allow great flexibility in positioning the head of 





Figure 7-15 Typical operating microscope positioning arm with pivot point controls and counter 
weight control. (Courtesy of Daniel |. Bettis, MD.) 
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Centering buttons 





Dials for independent 
focusing of assistance 
scope 

Positioning handles 


Dials for pupillary 
distance (PD) 
adjustment 


Figure 7-16 Microscope head with buttons for centering the xy axes and adjusting the level 
of magnification, positioning handles, and dials for pupillary distance adjustment and for inde- 
pendent focusing of the assistant microscope head. (Courtesy of Daniel |. Bettis, MD.) 


the microscope. Each joint typically has a tightening mechanism so that the arm can be 
fixed at that position if desired. The optimal adjustment of the positioning arm is unique 
for every surgical room and patient orientation. Another important control on the micro- 
scope arm, the counterweight setting, determines the vertical excursion of the microscope 
head when it is positioned and released. This control should be set so that the microscope 
head remains in place when the positioning arm is released. 

The centering button, located on the microscope head (Fig 7-16), centers the head 
in the x-y axes. The button should be depressed at the beginning of each operation, thus 
giving the microscope full excursion in all directions at the start of the case. The head of 
the microscope is also equipped with large positioning handles. There are 2 or 3 handles, 
usually one on each side of the oculars and sometimes a third on the positioning arm. 
Typically, the handles are fitted with slide-on covers that can be sterilized. A final impor- 
tant initial adjustment is the centering of the microscope focus in the vertical axis. Older 
models may have a scale on the side of the microscope head that shows the midpoint of 
the focus. At the beginning of the case, the microscope focus should be adjusted via the 
foot pedal to lie between the middle of the focus axis and slightly above center. Because 
most of the focusing during surgery is downward, sufficient excursion in this direction 
must be available to start. Newer microscope models have a second button, alongside the 
x-y centering button, to center the focusing mechanism. This too should be depressed at 
the beginning of each case to allow full excursion. 
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Positioning and Setting the Oculars 


Important parameters for the microscope oculars are the pupillary distance (PD), the 
diopter setting, and the tilt. The PD is set either with a small knob on the side of the 
oculars or simply by manually spreading the oculars to the proper distance. If more than 
one surgeon will use the microscope during a case or during the course of a day, it may be 
necessary to adjust the PD intraoperatively under sterile conditions. This is accomplished 
either with a sterilizable cap over the adjusting knob, or with sterile covers over the oculars 
themselves. 

The oculars can be set to a specific diopter to match the surgeon’s refractive error. 
Most oculars have a range of +/— 5.00 diopters, and each can be set independently to ac- 
commodate anisometropia. Alternatively, the surgeon may set the oculars at zero and wear 
spectacles or contact lenses; this is a good option at teaching institutions where 2 surgeons 
may need to view through the primary microscope oculars during the same case. 

The oculars also may be tilted vertically. The main use of the vertical tilt is to allow the 
surgeon to assume the upright torso posture discussed previously in this chapter. 


Reviewing the Sequence of Setup Steps 


To review, the sequence of important steps at the start of the typical case is as follows: 


1. Both the patient and surgeon are properly and comfortably positioned. 

2. The surgeon checks that his or her feet are on the pedals, the hands are stabilized, 
and posture is correct. 

3. The x-y and magnification centering buttons are depressed and the microscope is 
swung into position. 

4. The oculars are set. 

5. The surgeon adjusts microscope settings for low light intensity, grasps the sterile 
handles of the microscope, positions the microscope over the operative eye, and 
achieves gross focus by manually adjusting the microscope up or down. The micro- 
scope focus scale (if present) is checked to ensure that the focus is at the midpoint 
or slightly above it. 

6. The surgeon uses the foot pedal to achieve fine focus in the vertical axis. The foot 
pedal is then used to set the desired magnification level, and again to adjust the 
fine focus. 


With some experience, the surgeon can complete the entire sequence in a very short time, 
and then the surgeon is ready to start the case. 


Maneuvering the Microscope 


Proper use of the foot pedal is the key to efficient and smooth use of the microscope. Most 
surgeons find that they cannot feel the microscope pedal well enough with shoes and so 
choose to wear surgical shoe covers over their socks and shoes that can be easily kicked 
off. Removing the shoes also allows the surgeon’s knees to clear the underside of the surgi- 
cal table more easily. 
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Figure 7-17 Typical microscope foot pedal with (A) xy joystick, (B) fine focus tab, (C) magnifi- 
cation (zoom) tab, (D) illumination on/off switch, and (E) independent illumination level control 
tabs. (Courtesy of Daniel |. Bettis, MD.) 


Most pedals consist of the same basic elements: a joystick to maneuver the scope in 
the x-y axes, a rocker switch to control the fine focus, and a rocker switch to control the 
magnification (“zoom”) (Fig 7-17). Some pedals also offer a switch to turn the illumina- 
tion on and off. Newer-generation foot pedals allow for high levels of surgeon customiza- 
tion, including variable illumination control. 

As mentioned earlier, the foot pedal is usually positioned so that the joystick is away 
from the surgeon, and the controls for the focus and zoom under his or her foot. A rec- 
ommended position involves the surgeon's heel on the magnification tab and the ball of 
the foot on the focus tab. Thus situated, each function can be controlled with minimal 
foot movement: a toe-down position adjusts the focus and a heel-down position adjusts 
the zoom. By slightly extending the leg, the surgeon can control the joystick either with the 
side of the toes or the ball of the foot. With experience the surgeon will manage all these 
manipulations with little or no movement of the surgical field or change in hand position. 
It is recommended that the surgeon always use the same foot, either right or left, to control 
the microscope pedal, irrespective of the eye undergoing surgery. 


Pearls and Pitfalls of Maneuvering the Microscope 


The resident surgeon tends to accommodate through the microscope. This can be fatigu- 
ing for the new surgeon, and it hinders the senior surgeon's ability to maintain focus while 
looking through the assistant scope (which sometimes has little independent focusing 
ability). In the initial setup, it is helpful to focus up with the fine adjustment tab on the 
foot pedal until the field is just out of focus, and then focus down until the image just 
comes into focus. This fogging and refocusing limits accommodation through the scope. 
Because the effect of accommodation is more apparent at high magnification, this maneu- 
ver should be performed at high magnification. 

Staying in proper focus is also very important. It is common for the beginning sur- 
geon to alter the focus inadequately, which is usually to do with a lack of comfort with foot 
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pedal manipulation. For example, the surgeon may maintain good focus on the surface of 
the lens during the initial sculpting step of cataract surgery but fail to focus down into the 
lens substance when sculpting more deeply. The focus should concentrate on the point of 
action; specifically, the phacoemulsification needle tip must be kept in focus. When com- 
ing up into the anterior chamber to remove an air bubble, focus must be adjusted upward, 
and on moving the instrument down to crack the nucleus, focus is readjusted downward. 

Maintaining the proper focus during a typical intraocular operation requires multiple 
adjustments with the focusing tab. Ifthe foot is kept on the microscope foot pedal through- 
out the entire case, it is easier to make the many small focusing adjustments required. 

The level of magnification depends on surgeon preference. Lower magnification 
allows a wider field of view and greater depth of focus, but it may not offer maximum 
visualization. High magnification, on the other hand, provides excellent tissue visualiza- 
tion but reduces the field of view. Maintaining precise focus is also more demanding at 
higher magnification. The modern microscope offers such easily adjustable magnifica- 
tion that different levels may be used during the same case. For example, dissection of 
the scleral flap during a trabeculectomy might best be performed under high magnifica- 
tion because tissue visualization is paramount. Suturing the conjunctival peritomy in the 
same case might be done with low magnification because a wider field of view can prove 
advantageous during this step. Excessive magnification changes, however, are usually not 
necessary and can be fatiguing for the surgeon and particularly for the assistant viewing 
through the side arm. 

Finally, control of the microscope’s light intensity not only helps reduce the risk of ret- 
inal phototoxicity, but also aids in patient comfort and cooperation throughout the case. It 
is not necessary to increase the microscope’s light to the maximal level. Excessive illumi- 
nation can result in corneal reflections that may obscure the surgical view and hinder the 
surgeon’ ability to perform well. 

For topical cataract surgery, the light intensity can be set very low to start. One ap- 
proach involves turning the microscope light off, nudging the dial up until the light comes 
back on, and then using this intensity as the initial lighting level. All steps up to hydrodis- 
section, including capsulorrhexis, can be performed at this low lighting level. Once hy- 
drodissection is complete, the patient will be less photophobic, and the intensity can be 
turned up, but not much more is needed. For other anterior segment procedures, such as 
trabeculectomy, the light intensity can be kept low throughout the entire case. 


Surgical Loupes 





Surgical loupes provide one great advantage over the surgical microscope. With loupes, 
the surgeon has the flexibility to view the surgical field rapidly from several angles and 
positions. For example, many oculoplastic and strabismus surgeries require the surgeon 
to operate from multiple positions during the same case; these procedures are particularly 
amenable to surgical loupes. Loupes are also commonly used in oculoplastics and pedi- 
atric ophthalmic procedures. Proper use of surgical loupes requires understanding of the 
principles of magnification, working distance, and field of view. 
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Magnification 

Surgical loupes provide magnification typically ranging from 2x to 6x. Unlike the sur- 
gical microscope, this magnification is fixed. The surgeon must decide on which loupe 
power to use based on the intricacy of the surgery to be performed. For most ophthalmic 
procedures, magnification of at least 2.5x is required; some surgeons recommend at least 
3.5x. Higher magnification, however, reduces the field of view, and equally important, the 
depth of field. For example, a 2x loupe may have a depth of field of 4 inches, whereas a 6x 
loupe may have a depth of field less than 1.5 inches. Higher-magnification loupes require 
the surgeon to keep the head very still in order to maintain focus, because even slight head 
movement can make for a blurred image. 


Working Distance 


The working distance is also set and not adjustable once the loupes are made. It is impor- 
tant therefore to make sure that this variable is correct. Many factors determine the proper 
working distance for surgeons, including surgeon height and preferred working distance. 
At lower magnification levels (2.5x and less) manufacturers typically offer a few different 
working distances, which range from about 10-20 inches. At higher magnification levels 
(3.5x and higher) the demands of the optics do not allow such flexibility, and often the 
manufacturer offers only one working distance. 


Field of View 


The field of view varies with the magnification level. The field of view can also be changed 
optically at the same magnification level. For example, manufacturers can provide differ- 
ent fields of view at the 2x magnification level, ranging from around 4-10 inches. Again, 
however, at the higher magnification levels, the field of view is usually fixed. The working 
distance also affects the field of view. A shorter working distance tends to have a smaller 
field of view. 


Pearls and Pitfalls of Surgical Loupes 


The most important lesson to learn while working with surgical loupes is that a constant 
working distance should be maintained. It is certainly possible to look away from the 
surgical field over the loupes, but while performing a particular surgical maneuver, it is 
important to keep the head still to maintain proper focus. When asking for a surgical 
instrument, the surgeon should keep her eyes focused on the tissues and let the scrub 
nurse hand her the instrument. Although this is not possible in every instance, it should 
be common practice. 

As with surgery performed with the aid of a microscope, adequate lighting is essential 
for surgery performed with loupes. Overhead surgical lights provide good illumination 
and can be easily adjusted by operating room personnel. Many surgeons who use loupes 
prefer to wear a headlight, which provides bright and even illumination and is always 
centered on the desired area. Headlights can be particularly helpful for operations within 
the orbit or nasal cavity. 
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Key Points 





e Proper patient positioning includes stabilizing the head in the headrest, ensuring 
that the eye is parallel to the floor and centered in the microscopic field, and sup- 
porting the back and legs in a comfortable position. 

e Proper surgeon positioning includes ensuring freedom of movement of the legs 
under the operating table, comfortable access to the microscope foot pedal, and a 
posture that allows for stabilization of the shoulders and hands. 

e The surgeon must be familiar with gross maneuvering of the microscope and cen- 
tering of its axes, positioning and setting the oculars, adjusting the microscope dur- 
ing the case, and controlling the lighting. 

e With surgical loupes, the surgeon has the flexibility to view the surgical field rapidly 
from several angles and positions. Knowledge of magnification, field of view, and 
working distance are critical. 
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Self-Assessment Test 





1. Which of the following steps are included in optimal patient positioning rela- 
tive to the operating microscope? 
a. ensuring that the corneal surface is parallel to the floor 
b. avoiding the chin-up and chin-down positions 
c. ensuring that the patient’s head is fully on the headrest 
d. all of the above 
2. Which of the following are common pitfalls in surgeon positioning? (Choose 
all that apply.) 
a. surgeon too far away from patient (legs not sufficiently under the table) 
b. table too high 
c. shoulders and elbows too low 
d. pedals poorly positioned 
3. Which of the following are included in proper setup of the operating micro- 
scope? (Choose all that apply.) 
a. oculars set 
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b. the x-y control decentered toward head 

c. microscope manually positioned and grossly focused 

d. fine focus set in down-focused position 

e. foot pedal used for fine focus 

f. foot pedal used to set magnification 

4. Which of the following can be said of surgical loupes? (Choose all that apply.) 

a. They provide increased mobility for the surgeon requiring magnification. 

b. Higher magnification loupes also provide increased depth of focus and 
working distance. 

c. Head movement during surgery increases depth perception with loupes. 

d. A headlight may be worn with loupes to improve focal lighting of the surgi- 
cal field. 


For preferred responses to these questions, see Appendix A. 
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Surgical Instruments and Blades 


Robert B. Dinn, MD 
Jay M. Lustbader, MD 


One of the most important aspects of becoming a proficient ophthalmic surgeon is under- 
standing the use of the many instruments and blades ophthalmologists employ. Although 
the number of surgical instruments can initially be quite daunting, the ability to identify 
and use surgical instruments and blades properly is an essential skill. This chapter intro- 
duces the major categories of instruments and blades. 

The choice of instruments is quite individualized, and in time each surgeon develops 
a favorite tool for performing a given task. There are many ways to perform the same 
procedure, and the best way is the one that allows a particular surgeon to accomplish the 
task with minimal trauma to the tissues. The surgeon’s having a detailed and thorough 
knowledge of the surgical instruments required will help instill confidence in himself or 
herself, the operating room personnel, and the patient. Additionally, being well prepared 
with the names and purposes of the different instruments will aid in efficiency and com- 
munication, particularly during stressful times in the operating room (eg, when complica- 
tions arise). 


Surgical Instruments 





Retractors 


Retractors are used to help open the eyelids, both in the office and in the operating room. 
The wide variety of retractors introduced in medical school for general surgery are not 
discussed here, but rather some of the many modified retractors that are commonly 
employed in oculoplastic surgery. 
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Figure 8-1 Desmarres eyelid retractor. 
Often used when the eyelids otherwise 
cannot be opened (eg, eyelid edema) or 
in double everting of the eyelid to look 
for foreign bodies. This is a very useful = os 
instrument to have available in evaluat- 
ing trauma and is a vital component of 
many “on-call bags.” Like many of the 
instruments shown in this chapter, the 
Desmarres eyelid retractor comes in 
different sizes. 





Figure 8-2 Jaffe wire retractor. Pair 
shown. Used in ruptured globe surgery 


to avoid applying undue pressure to the 
globe. Also can be used in many ocu- 
loplastic surgeries to retract tissues. 


Attached to the surgical drapes with a 
rubber band and a hemostat. 





Figure 8-3 Jaeger eyelid plate. Often 
used to retract tissues away from the 
globe in orbital procedures, protect the 
eye during eyelid procedures, and help 
evert the eyelid. Comes in a wide variety 
of sizes and styles. Available in plastic 
and stainless steel (malleable). Shown 
is the Berke-Jaeger eyelid plate, with 
stainless steel matte finish. Some eyelid 
plates have a special coating to prevent 
reflection of the CO, laser. When coated 
properly, the Jaeger eyelid plate can be 
inserted under the eyelid to protect the 
globe while laser incisions are made on 
the eyelid. 








Speculums 


Speculums are used to hold the eyelids apart for the surgeon to have better access to the 
eyeball during a procedure. The main types of eyelid speculums are rigid (often with 
screws for setting a fixed palpebral width) or wire. In addition to numerous other indica- 
tions, wire speculums are most commonly used during phacoemulsification and intra- 
vitreal injections. Rigid speculums are useful when wide exposure is necessary (eg, for 
enucleation or strabismus surgery); however, opening the palpebral fissure too far can 
place extra pressure on the globe, which increases intraocular pressure. Furthermore, care 
should be taken to avoid exerting undue tension on the eyelids so to prevent damage to 
them in the form of postoperative ptosis or eyelid laxity. Many speculums come with an 
“open loop” that is inserted around the eyelid margin. Similar designs have guards that are 
inserted around the eyelid margin to retract the eyelashes as well. The guards have become 
less useful because of the increased utilization of plastic drapes over the eyelashes during 
surgery. Eyelid speculums come in pediatric and adult sizes. 
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Figure 8-4 Barraquer wire. Commonly 
used in many anterior segment proce- 
dures. The traditional Barraquer specu- 
lum is designed to be placed with the 
hinge temporal. The hinge is bent so 
that it angles away from the eye while 
in position. This allows greater access 
to the temporal aspects of the eye. Also 
available is a modified version, in which 
the hinge angles in the opposite direc- 
tion (ie, anterior); the speculum is placed 
with the hinge pointed toward the nose, 
which allows much greater access to the 
temporal aspects of the eye. This design 
works well for most patients’ anatomies 
but some patients’ noses may interfere 
with the placement of a speculum orien- 
tated in this direction. 





Figure 8-5 Kratz-Barraquer speculum 
with open blades to allow easy inser 
tion and removal of the phacoemulsifi- 
cation handpiece. 





N J 





Figure 8-6 Varieties of rigid/screw-type 
speculums, which can be adjusted to 
the dimensions of the eyelid fissure 
as needed. A, Cook. B, Lancaster. C, 
Williams. The Cook speculum is useful 
for patients with a strong blink reflex. 
Many surgeons like to use this specu- 
lum during muscle surgery, as the su- 
tures used in strabismus operations can 
easily be tangled by other speculums. 
The Cook speculum in this picture has 
a solid guard (as opposed to the wire 
loop of the Barraquer speculum) for re- 
tracting the eyelid, which helps hold the 
eyelashes out of the sterile field. Both 
the Lancaster and Williams speculums 
are useful for patients with strong blink 
reflexes and can be particularly helpful 
in cataract surgery when the Barraquer 
speculum is inadequate or not desired. 





A 
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Figure 8-7 McNeill-Goldman scleral 
fixation ring and blepharostat. Example 
of a speculum used in corneal trans- 
plant surgery. In addition to opening the 
eyelids, the ring is sutured to the epi- 
sclera to provide support to the globe 
after the patient’s cornea is removed. 








Chalazion Instruments 


The clamp and curette are the primary tools used in excising chalazions. The individual 
shape and size chosen will vary with the size and location of the chalazion. A chalazion 
clamp is extremely useful, as it provides for hemostasis, easy inversion of the eyelid, and 
stabilization of the eyelid. The chalazion clamps are traditionally placed with the open 
end on the posterior aspect of the eyelid, which allows easy access to the posterior lamella 
when the eyelid is everted. The chalazion clamp can also be placed with the plate on 
the posterior eyelid and the open side on the skin; this prevents inadvertent trauma to the 
globe when the skin is incised. The clamp can be slowly loosened toward the end of the 
procedure once adequate hemostasis is achieved. Many medical specialties use curettes, 
which are available in most surgery centers. 





Figure 8-8 Chalazion eyelid clamp. 
The clamp is used to hold the eyelid 
and provide some hemostasis around 
the chalazion. Such clamps include 
variations in cross action, dimensions, 
and sizes and shapes of the upper 
and lower plates. A, Desmarres cha- 
lazion forceps with 31-mm solid lower 
plate, 12x 20-—mm open upper plate. B, 
Lambert chalazion forceps with large, 
round, solid lower plate, 15-mm open 
upper plate. C, Desmarres chalazion 
forceps with 20-mm solid lower plate, 
12x 14—mm open upper plate. 





Figure 8-9 Curette used to scoop out 
the contents of the chalazion; available 
in sizes O (1.5 mm) to 4 (3.5 mm). 








Lacrimal Instruments 


This group of instruments is used to locate and clear obstructions of the tear drainage 
system. Lacrimal sets may group a dilator to enlarge the punctum, a syringe and a blunt 
cannula to introduce solution into the duct, and a lacrimal probe to clear the duct. Some 
surgeons include a sterile safety pin in their lacrimal set to be prepared for cases of 
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punctal agenesis that may be encountered during a planned nasolacrimal duct intubation in 
infants; however, a safety pin or needle to open the punctum should be used with extreme 
caution, as a false passageway can easily be created. 





Figure 8-10 Bowman lacrimal probe. 
Available in many diameters (sizes 
0000-0 and 1-8). 








Figure 8-11 Williams lacrimal probe ___ i : 
with bulbous tips. _ 
Figure 8-12 Quickert lacrimal probe, 
double-ended. 


Figure 8-13 Ziegler lacrimal canal probe. ee 
Curved, double-ended probe. s 


Figure 8-14 Ruedemann lacrimal dila- 
tor. Dilators are available in a variety of 
sizes and tips to accommodate the large 
variety in shapes and sizes of the lacr- -a 
mal system. The example shown here, 
designed for use on an infant, has a 
smooth, round handle and a short taper. 











Figure 8-15 Pigtail probe with holes for 
suturing. The pigtail probe is a very use- 
ful tool in canalicular repairs. The probe 
can be passed through the punctum 
of one eyelid, through the canalicu- 
lus, through the common canaliculus/ 
lacrimal sac, and out the proximal lac- 
erated edge of the canaliculus on the 
opposite eyelid. If a suture is threaded 
through the eye of the pigtail probe, the 
suture can be pulled through the proxi- 
mal edge of the lacerated canaliculus. 
When the pigtail probe is retracted, 
the suture serves as a guide for pass- 
ing a silicone stent through the lacrimal 
system. The pigtail probe can then be 
passed through the other punctum in a 
similar manner to find the distal edge 
of the lacerated canaliculus. The pigtail 
probe does not work in patients with- 
out a common canaliculus; Crawford 
stents (Figs 8-16 and 8-18) or Ritleng 
probes (Fig 8-19) would be required 
for repair. Many surgeons employ the 
pigtail probe for older patients; general 
anesthesia usually unnecessary. 
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Figure 8-16 Crawford stent (shown 
without silicone tubing). This instru- 
ment is used in cases of nasolacrimal 
duct or canalicular stenosis/obstruction, 
trauma repair, reconstruction, and dac- 
ryocystorhinostomy (DCR). Each Craw- 
ford stent has an olive-shaped tip at 
the end of a metal probe, to which it is 
connected by silicone tubing. The tip is 
passed through the canalicular system 
of each eyelid and down the nasolac- 
rimal duct; the tip of each stent is re- 
trieved from the nasal cavity and the 
silicone portion of the stent is tied to 
the other end of the stent, leaving the 
lacrimal system intubated. 











Figure 8-17 Crawford hook. This hook 
is designed for retrieving the Crawford 
stent from the nasal cavity. 








Figure 8-18 Mono-Crawford stent. This 
stent is similar to the Crawford stent 
but does not require intubation of the 
opposite eyelid. It is used in canalicular 
laceration repairs and in congenital na- 
solacrimal duct obstruction. The punc- 
tual plug on the end is designed to help 
anchor the stent. 








Figure 8-19 Ritleng probes. An alter 
native to Crawford tubing. The Ritleng 
intubation system consists of a probe 
and a thread guide that are attached to a 
tube. After placement of the probe into 
the nasolacrimal duct, the thread guide 
is advanced down the probe. Once the 
thread guide is retrieved in the nasal 
cavity, it can be pulled through, leaving 
the tubing/stent in correct position. 








Scissors 


A variety of scissors are available for use in ocular surgery. Depending on the surgical 
purpose, scissors may be blunt or sharp, curved or straight, and may feature either spring 
action or direct action. Straight scissors are often used for cutting sutures and straight 
lines, and curved scissors are often used for tissue dissection. Notice that the scissors 
typically used under the microscope are shorter than the scissors used in medical school. 
The smaller-size instrument is steadier in the surgeon’s hand and makes it easier for her 
to avoid bumping the microscope. Although such scissors may seem awkward at first, 
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ophthalmologists quickly appreciate the steadiness that they feel when using Westcott 
scissors. Plastic surgery sets often have longer scissors that allow for easier dissection into 
deeper tissues. 





Figure 8-20 Stevens tenotomy scissors. 
Available in blunt, sharp, curved, and 
straight. Often used by the surgical as- 
sistant to cut sutures. 





Figure 8-21 Westcott tenotomy scis- 
sors with blunt or sharp tips are all- 
purpose ophthalmic surgery scissors. 
They are typically curved to facilitate 
tissue dissection, which is the primary 
function of these scissors. Note the 
serrations on the handle that aid in 
holding the scissors. You will inevitably 
find a spring-action instrument that has 
been damaged because the handles 
were bent too far, which makes the in- 
strument much less easy to use. 





Figure 8-22 Westcott conjunctival scis- 
sors. Smaller than tenotomy scissors, 
also with blunt or sharp tips. 





Figure 8-23 Suture scissors are avail- 
able in many styles. A, Fine, straight 
stitch scissors. B, Jaffe stitch scissors 
with flat 3-hole handle. A blunt “stop- 
per” on the inside of spring-action “fin- 
ger” instruments, visible in this image, 
prevents the instrument from being 
closed too tightly and bending the 
handles. C, Needle-point scissors with 
ribbon-style ring handle. D, Westcott 
scissors with flat handle. E, Westcott 
scissors with wide, serrated handle. 
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Figure 8-24 Vannas scissors with 
sharp, pointed tips; available curved or 
straight. Commonly used for cutting su- 
tures, iris, or fine tissues. Versions with 
longer tips are helpful for cutting within 
the eye, but smaller corneal incisions 
have led many surgeons to use micro- 
surgical scissors and sets (see Fig 8-69, 
MST system) for use in the eye. 





Figure 8-25 Katzin corneal transplant 
scissors, lower blade of 11 mm, upper 
blade curved strongly to the left. Cor 
neal scissors are more curved than cor 
neoscleral scissors and are used to cut 
the corneal button in corneal transplant 
surgery. Designed to curve to the left 
or to the right. 


Figure 8-26 Enucleation scissors. Spe- 
cially designed to reach to the posterior 
globe to cut the optic nerve during enu- 
cleation. This example shows a medium 
curve to the blades; strongly curved 
blades are also available. 








Forceps 


Forceps are used for grasping tissues or sutures. Teeth and serration are features of for- 
ceps that help the surgeon grasp ocular tissues to allow suturing, fixation, or dissection. 
Forceps with serrated edges are typically referred to as “smooth forceps,” despite the edges 
not really being smooth. They are also often referred to as “dressing forceps” because 
they are still used to apply dressings on wounds. Smooth forceps generally cause more 
trauma than forceps with teeth because smooth forceps tend to crush tissue. An excep- 
tion is in handling the conjunctiva during glaucoma surgery, in which case forceps with 
teeth have a strong tendency to leave holes in the conjunctiva. Forceps with teeth are often 
referred to as “tissue forceps.” These forceps often have 2 teeth on the distal end of one 
arm and a single tooth on the other arm. A surgeon can use one of the teeth of the forceps 
to retract tissue delicately, similarly to how one uses a skin hook. Tying forceps typically 
have flat arms and nontoothed tips that aid the surgeon in tying sutures. Specialized for- 
ceps can have more than one of these elements, which gives them multifunctionality. For 
example, commonly used 0.12-mm forceps have a flat distal end for tying but also teeth 
for grasping tissue. 
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Figure 8-27 Cilia forceps for removal 
of aberrant cilia. Available in different 
angles and types of jaws. The examples 
shown here have a wide, blunted tip to 
aid in grouping the cilla. A, Barraquer. B, 
Beer. C, Douglas. D, Ziegler. 





Figure 8-28 Superior rectus forceps are 
used to grasp the rectus muscles for 
placement of traction sutures. 





Figure 8-29 Castroviejo suturing for 
ceps, toothed. Available with a tying 
platform for suture tying. The 0.12-mm 
("12") forceps are widely used in a va- 
riety of ophthalmic surgeries. They are 
excellent for grasping and holding fine 
tissues. The 0.3-mm and 0.5-mm for 
ceps are used when a larger grasp of 
tissues is needed than is possible with 
a 0.12-mm forceps. 





Figure 8-30 Colibri corneal forceps. A 
0.12-mm forceps with a curved shaft 
and tying platform. 





Figure 8-31 Bishop-Harmon_ forceps. 
The example shown has serrated tips. 
Many surgeons prefer serrated tips 
for handling the delicate conjunctiva, 
because forceps with teeth can leave 
holes in it. The Bishop-Harmon style of 
forceps comes with a variety of tips. 
Bishop-Harmon forceps with larger 
teeth (eg, 0.7-mm forceps) are often 
used in oculoplastic procedures and 
are generically referred to as “Bishop- 
Harmons.” Manufacturers list Bishop- 
Harmon forceps based on the style of 
the handle, not the teeth. 





Figure 8-32 Graefe iris forceps. With- 
out teeth, with serrated tips. Smaller 
version of the standard 0.12-mm for 
ceps, also good for grasping tissue. 
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Figure 8-33 Jeweler forceps. Sharp, 
fine-tipped forceps available in a vari- 
ety of designs and sizes, in addition to 
the examples shown here. Many com- 
prehensive ophthalmologists find the 
sharp-pointed jeweler forceps to be the 
most useful forceps. They can be used 
on both the eye and eyelid for removing 
foreign bodies and sutures. The fine tips 
allow for corneal debridement of loose 
epithelium and dendrites. Addition- 
ally, the fine, sharp tips can, in lieu of a 
drill, remove a rust ring. Office person- 
nel must be careful with the sharp tips 
to avoid poking themselves and also 
avoid damaging the tips. Ophthalmolo- 
gists should exercise due diligence in 
informing their staff of the dangers to 
do with sharp tips and take appropriate 
actions to avoid inadvertent trauma to 
their staff from contaminated instru- 
ments left in exposed areas. In addition 
to their other properties, jeweler for 
ceps tend to be relatively inexpensive. 
A, Straight, strong points. B, A variation 
in width and thickness. C, Curved with 
fine points. D, Simple, short, stubby 
with medium points. 








Figure 8-34 McPherson tying forceps. 
Many styles of tying forceps are avail- 
able, including straight and angled 
designs. Some surgeons prefer to tie 
sutures with a straight tying forceps in 
one hand and a curved tying forceps 
in the other hand. Some tying forceps, 
such as the Paufique (not pictured), 
have teeth for grasping tissues and a 
tying platform just proximal to the teeth, 
which allows the surgeon to use the 
same pair of forceps for both tissue 
handling and suture tying. 








Figure 8-35 Tennant tying forceps. An- 
other example of tying forceps. Round 
handle with guide pins and platform; for 
9-0 to 11-0 sutures. 





Figure 8-36 Kelman-McPherson angled 
tying forceps. Angled tying forceps are 
most commonly used for intraocular 
manipulations (for example, placing the 
superior haptic with intraocular lens in- 
sertion). They are also useful for grasping 
intraocular tissues. 








CHAPTER 8: Surgical Instruments and Blades è 95 





Figure 8-37 Capsulorrhexis forceps. 
Used to grasp the anterior capsule 
flap to create the circular curvilinear 
capsulorrhexis in cataract surgery. The 
tips can be sharp, cupped, or blunt. 
Sharp tips can be used both to initiate 
and complete, without need of a cys- 
totome, the capsulorrhexis. This Kraff- 
Utrata model has a 3-hole handle and 
delicate tips. There has been a rapid 
increase in the number of styles of 
capsulorrhexis forceps. Many of the 
olderstyle capsulorrhexis forceps are 
designed for larger wounds and are dif- 
ficult to fit through some of the smaller 
cataract wounds used today. If the cap- 
sulorrhexis forceps are too large, it is 
difficult to create an appropriate-sized 
capsulorrhexis. Several of the newer 
capsulorrhexis forceps have markings 
on them to guide the surgeon in suit- 
able sizing for constant-tear curvilinear 
capsulorrhexis. 








Figure 8-38 Fechtner conjunctival for 
ceps. The tips of these forceps have 
specially modified tips to prevent dam- 
age to conjunctiva while handling the 
conjunctiva. 








Figure 8-39 Watzke sleeve-spreading 
forceps. These forceps are used during 
scleral buckling procedures. 








Iris Retractors 


Iris retractors are designed to retract the iris during anterior segment surgery or vitreo- 
retinal surgery in cases of trauma, small pupils, or intraoperative floppy iris syndrome. 
Some are designed to be inserted though corneal wounds to retract the iris during 
intraocular surgery. Some iris retractors can be used to retract the capsule in cases of 
zonular weakness; however, modified instruments (discussed in the next section) are 
available for retracting the capsule. Iris retractors come in disposable and reusable 
models. The most common categories of iris retractors are hooks and ring/circular 


retractors. 
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Figure 8-40 Example of iris retractor. 
Typically, an iris retractor can fit through 
a tract created with a 27-gauge needle, 
although a 27-gauge needle usually be- 
comes dull after the second tract is cre- 
ated. Marking the planned locations of 
the needle tracts prior to creating the 
tracts is helpful, as the tract created by 
a 27-gauge needle can be difficult for 
surgeons to visualize and find. 


Figure 8-41 Malyugin ring. Disposable 
instrument used for retracting the iris 
during surgery. Comes in a 6.25-mm 
or 70-mm size. Comes with its own 
inserter. 


el 





Figure 8-42 Osher/Malyugin ring ma- 
nipulator (close-up image plus full 
view). Reusable instrument designed 
for manipulation of the Malyugin ring in- 
side the eye. The end of the instrument 
features a mushroom-shaped “button.” 


Capsule Support/Retractors 


Capsular tension rings are designed to stabilize the capsular bag both during and after 
surgery. They are made by several companies and come in different sizes. There are 
modified capsule tension rings available that are designed to be sutured into position (eg, 
the Cionni capsular ring and Ahmed capsular tension segment). Capsule retractors are 
designed to support the capsular bag during cataract surgery. There are a few varieties 


available. 
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Figure 8-43 Morcher capsular tension 
ring. The traditional design for a capsule 
tension ring. Can be injected through 
an injector with the Little fishtail tech- 
nique or the fishtail-on-a-line technique. 
(See Fig 8-45, Geuder capsule tension 
ring inserter.) 





Figure 8-44 Henderson capsule ten- 
sion ring. Modification of the traditional 
capsule tension ring. Designed in case 
the capsule tension ring needs to be 
inserted prior to cortical cleanup. The 
indentations allow for easier cortical 
removal. 





Figure 8-45 Geuder capsule tension 
ring inserter. The injector has a small 
hook that captures the eyelet of the 
capsule tension ring. When tension 
is brought off the plunger, the ring is 
loaded into the injector. The injector 
can be used with one hand to inject 
the capsule tension ring into the cap- 
sular bag, or a second instrument (eg, 
a Sinskey hook) can be used to guide 
the capsule tension ring in order to 
minimize trauma to the zonules. Pre- 
loaded injectors are also available. An 
alternative to using a capsule tension 
ring injector is to use the Little fishtail 
technique, whereby forceps are used 
to gently bend the capsule tension ring 
into the configuration of a fishtail be- 
fore the capsule tension ring is inserted 
into the capsular bag. Another alterna- 
tive is the fishtail-on-a-line technique, in 
which a 10-0 nylon suture is threaded 
through the leading eyelet prior to the 
capsule tension ring being loaded into 
the injector. This technique allows the 
surgeon to retract the leading eyelet as 
it is injected into the capsule in order to 
prevent undue tension on the capsule. 
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Figure 8-46 MST capsule retractor. A 
temporary capsule retractor designed 
to provide a broad range of support at 
its tip. 


Figure 8-47 Mackool capsular retrac- 
tor. Inserted through the cornea/limbus 
during cataract surgery for capsular 
support in cases of weak zonules. 





Hooks 


Hooks are curved tools used for holding, lifting, or pulling on tissue or intraocular lenses. 
Commonly used hooks include the Sinskey hook and the Lester hook. 





Figure 8-48 Sinskey hook. A small 
hook used in a variety of applications, 
including IOL positioning, tissue dis- 
placement, corneal marking, and many 
others. The Sinskey hook can be straight 
or angled. Modifications of the Sinskey 
hook are used to create the flap for en- 
dothelial keratoplasty. 





Figure 8-49 Lester IOL manipulator. 





Figure 8-50 Kuglen iris hook (to ma- 
nipulate the iris) and lens manipulator. 





Figure 8-51 Bechert nucleus rotator for 
phacoemulsification. The y-shaped rota- 
tor tip, not obvious in this image, allows 
the rotator to embed in the nucleus. 








Figure 8-52 Jameson muscle hook 
used in strabismus surgery. The bulb on 
the end helps prevent the muscle from 
slipping off the hook. It also allows the 
surgeon to inspect the end muscle and 
ensure that the entire muscle is hooked 
and not “split.” 


Figure 8-53 Stevens hook used in stra- 
bismus surgery. No bulb on the end. 





Figure 8-54 Gass retinal detachment 
hook. Muscle hook with a hole in the 
end for passing suture around a muscle. 
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Spatulas 


Spatulas are useful in a variety of applications in ophthalmic surgery. They allow gentle, 
controlled manipulation of tissue. 





Figure 8-55 Cyclodialysis spatulas are 

used primarily to sweep across the 

anterior chamber, particularly through 

the anterior chamber angle. Also use- 

ful when checking for residual vitreous ee er 
in the anterior chamber or manipulating 
the lens nucleus in cataract surgery. 
The spatula can be flat, as shown in 
this example (Castroviejo cyclodialysis 
spatula). 





Figure 8-56 Example of a round cyclo- 
dialysis spatula, also referred to as an \ 
“iris spatula” (Barraquer iris spatula in 


this example). 








Figure 8-57 Koch phaco spatula. Very 
useful for rotating and manipulating the 
lens nucleus in cataract surgery. 





Figure 8-58 Kimura spatula. Used to 
scrape the cornea during the culturing 
of corneal ulcers. 








Needle Holders 


Needle holders are used to hold the suture needle, which provides the surgeon with more 
control of the suturing process. Locking needle holders are helpful when the suture is 
being handed back and forth between the surgeon and the assistant. Surgeons typically 
unlock the needle holder just prior to placing the needle through eye tissues in order to 
avoid any inadvertent movement and trauma that might be caused by unlocking the nee- 
dle holder after the suture is in the tissue. Before placing a suture or handing a suture back, 
the surgeon should be cognizant of the style of needle holder being used. In addition, the 
surgeon should be cognizant of the size of the tip of the needle holder, as larger tips bend 
smaller needles and smaller tips provide for less control over larger needles. Curved tips 
are often easier to use in delicate ophthalmology procedures. 





Figure 8-59 Needle holders for suturing 
can be straight or curved. In addition, 
they can be supplied with or without a 
lock to hold the needle in place in the 
jaws. The example shown here is a 
curved Barraquer needle holder. 


tr 
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Cannulas 


Cannulas are small, tubelike instruments frequently used in ophthalmic surgery to inject 
or extract fluid or air. Cannulas are employed for a variety of purposes, from irrigating the 
lacrimal system, to aiding in hydrodissection, to keeping the cornea wet. The numerous 
styles of cannulas reflect the extent of their application. Disposable, single-use cannulas 
are now widely available and are preferred by some surgeons, since reusable cannulas have 
been implicated in toxic anterior segment syndrome (TASS). The gauge of the cannula 
affects the force of fluid that is expelled from the tip, based on the pressure the surgeon 
places on the syringe. The smaller tip of a 30-gauge cannula provides a strong force with a 
small amount of fluid, which is why many surgeons prefer to use a 27-gauge or 25-gauge 
cannula for hydrodissection. On the other hand, the 25-gauge tip is too large to hydrate 
the corneal wounds in cataract surgery, which makes the 30-gauge tip preferable for this 
application. 





Figure 8-61 Anterior chamber irrigat- 
ing cannula. Shown is a Knolle irrigating 
cannula with a 45° angled tip, available 
in different gauges. 








Figure 8-62 J-shaped hydrodissection 
cannula. Hydrodissection cannulae are 
available with a variety of tip designs, 
allowing improved access under the 
subincisional anterior capsular edge. 
Subincisional hydrodissection can im- 
prove subincisional cortex removal and 
can also allow the nucleus to prolapse 
anteriorly during hydrodissection. In 
addition, the J-shaped hydrodissection 
cannula allows for easier removal of 
subincisional cortex. 








Figure 8-63 Example of a flat-shaped 
hydrodissection cannula (Seeley). 





Figure 8-64 Lacrimal cannula. Used to 
irrigate through the lacrimal system. 
Available in various gauges and styles 
of opening. This example is 23-gauge 
cannula with a front opening. 
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Figure 8-65 Chang _ hydrodissection p 

cannula. This is a dual-purpose instru- , 
ment that can hydrodissect, including ieee, 

in the subincisional space, and then be - 


used to rotate the nucleus. 








Nucleus Choppers and Splitters 


Nucleus choppers are designed to fragment the lens during nucleus disassembly. Although 
there is broad overlap in design, there are 2 main styles of choppers: horizontal and verti- 
cal. Horizontal choppers are placed under the capsule, between the nucleus and an epi- 
nuclear cushion. With use of a phacoemulsification tip for stabilization, the horizontal 
chopper is brought horizontally toward the phaco tip for fragmentation. In contrast, the 
vertical chopper is placed under the capsular bag after the nucleus is engaged and vac- 
uum suction is applied with the phaco tip to secure the nucleus. The vertical chopper is 
then directed posteriorly to crack the nucleus. The “quick” chop (also known as “diago- 
nal chop”) combines elements of horizontal and vertical chopping. Some choppers are 
double-sided, with a horizontal chopper on one side and a vertical chopper on the other. 
Choppers are specific to right-handed or left-handed surgeons. Nucleus splitters often 
have cross-action paddles that are designed to crack the lens. After placing the paddles 
into the nucleus, the controlled separation of the paddles effectively separates the nuclear 
pieces. When learning the “divide and conquer” technique, surgeons often find that creat- 
ing a central groove before using a nucleus splitter facilitates cracking the lens. 





Figure 8-66 Standard phaco chopper. 
Nucleus choppers are available in sev- 
eral angles (45°, 60°, 90°) and designs. 
Used in phaco-chop cataract surgery 
to break the lens nucleus into small 
pieces. 








Figure 8-67 Chang-Seibel chopper. 
Double-armed chopper with the Chang 
MicroFinger on one end and the Seibel 
vertical safety chopper on the other 
end. Styles are available for use in the ~ 
right or the left hand. x = 7 












































Figure 8-68 Akahoshi prechopper. De- ( : 
signed to split the nucleus. After the [Sy 
instrument tip is placed inside the nu- SY 
cleus, the forceps handles are closed to 


split the nucleus. wm ee 
~O == = > 
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Microsurgical Forceps and Handles 


Since the advent of smaller-incision intraocular surgery and more complex anterior 
segment surgery, a wide variety of forceps and scissors have been designed for inser- 
tion through small corneal wounds. The basic principles of the instruments previously 
described also apply to these smaller instruments. Several of the forceps that have been 
developed allow for different heads to be placed on handles, which leads to greater 
flexibility. 





Figure 8-69 MST system. Designed 
to be inserted through small corneal 
incisions for intraocular use. The MST 
system has changeable heads for the 
handles. 








Corneal Markers 


Corneal markers have many purposes. Several were originally developed to aid in suture 
placement in penetrating keratoplasty. Some are now used to leave a circular mark on the 
cornea to aid in capsulorrhexis creation, centration, and sizing. Others are used in refrac- 
tive corneal surgery (eg, LASIK) to ensure that the corneal flap is repositioned in the exact 
right place. Since the advent of toric intraocular lenses, there has been substantial increase 
in the variety of corneal axis markers. 





Figure 8-70 Toric reference marker. 
Used to mark the axis of 0°, 270°, and 
360° prior to surgery. The patient is 
brought to a seated position and the 
eye is marked with this instrument (usu- 
ally after the edges have been marked 
with sterile ink). The instrument has 
markings on each side so that the same 
instrument can be used for both eyes. 
This instrument is designed to avoid 
off-axis placement of a toric intraocu- 
lar lens, since the eye is known to ro- 
tate once a patient lies supine. Similar 
models have “level” markers with air 
bubbles to ensure that the instrument is 
placed parallel to the ground. Although 
imaging software can make reference 
marks unnecessary, many surgeons 
still prefer this method. Care should be 
taken that the eye is not covered with a 
viscous substance, gel, or ointment just 
prior to marking the cornea. 
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Figure 8-71 Intraoperative reference 
marker. Used to mark the axis of 
planned toric intraocular lens place- 
ment after the patient is supine and the 
eye has been prepared and draped. 





Figure 8-72 RoboMarker. Self-leveling 
marker with an integrated fixation light. 
Prior to marking, the disposable tip is 
rotated and aligned on the RoboMarker 
to a selected axis. White the patient Is 
in a seated position, the sterile, dispos- 
able ink tip is used to mark the cornea 
preoperatively in anticipation of toric 
intraocular lens placement, limbal relax- 
ing incisions, or other operations. 








Corneal Trephines and Punches 


Trephines and punches are instruments used during corneal transplant surgery. 





Figure 8-73 Corneal trephines. Blades 
are used to excise the donor cornea 
and diseased patient cornea during cor 
neal transplantation. 








104 e Basic Principles of Ophthalmic Surgery 





Figure 8-74 Barron vacuum punch. A 
variant of the standard donor punch in 
which vacuum is applied to the donor 
cornea prior to the cutting of tissue. 
This provides improved stability and 
centration. 





Figure 8-75 Barron radial vacuum tre- 
phine. An alternative to the standard 
handheld corneal trephine. Suction 
is applied to the patient's cornea, fol- 
lowed by gradual application of a rotary 
blade. This device can provide improved 
centration and control while the recipi- , | 
ent cornea is being excised. g | 








Other Specialized Surgical Instruments 





This section includes selected examples of other specialized instruments used in ophthal- 
mic surgery. Discussion of corneal shields, strips, and sponges is beyond the scope of this 
book. Discussion of some instruments, such as lamellar dissection instruments, is beyond 
the scope of this chapter. 





Figure 8-76 Kelly Descemet mem- 
brane punch with serrated squeeze- 
action handle. Used to excise portions 
of trabecular meshwork during trabecu- 
lectomy. 
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Figure 8-77 Castroviejo caliper. Used in 
a variety of surgical procedures to mea- 
sure distances on the eye. This example 
measures 0-20 mm in 1-mm incre- 
ments. Fixed “calipers” (more techni- 
cally called “rulers” or “standards”) are 
also available. Some are used in retina 
surgery to mark for planned scleroto- 
mies. A curved ruler is used in strabis- 
mus surgery to more accurately measure 
distances along the globe (eg, distance 
from a muscle insertion). 





Figure 8-78 Standard lens loop. Lens 
loops are used to help in removal of 
the nucleus in extracapsular cataract 
extraction. 





Figure 8-79 Sheets irrigating vectus 
(another example of a lens loop). Al- 
lows irrigation of fluid into the anterior 
chamber during nucleus extraction. 





Figure 8-80 Fine-Thornton fixation ring. 
Used to fixate the globe while incisions 
are made. Fixation rings come in a vari- 
ety of styles and sizes. 





Figure 8-81 Flieringa scleral fixation 
ring. Sutured to the episclera in some 
patients prior to corneal transplanta- 
tion. The ring provides support to the 
globe before removal of the patient's 
cornea. Most commonly used in apha- 
kic and pseudophakic patients. The ring 
comes in a variety of sizes. 








Figure 8-82 Halsted mosquito clamp. 
Multipurpose clamp. Can be used for 
securing drapes, for blunt dissection 
(eg, during a temporal artery biopsy), 
for passing suture, and so on. 





Figure 8-83 Schocket scleral depressor. 
Used for scleral depression to allow for 
adequate examination of the peripheral 
retina. Some scleral depressors can be 
autoclaved. 
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Figure 8-84 Schepens scleral depres- 
sor. Thimble-style scleral depressor. 
Available in different sizes. 





Figure 8-85 Freer periosteal elevator. 
Used in orbital procedures for elevating 
the periosteum off bone and for fractur 
ing thin bone. One end is sharp and the 
other end is blunt. 











Figure 8-86 Serrefine. Used for clamp- 
ing sutures. Also known as a “bulldog.” 





Figure 8-87 Schepens orbital retractor. 
Commonly used during vitreoretinal 
surgeries. 





Figure 8-88 Cystotome. Used in cap- 
sulorrhexis. Can be made by manually 
bending a 27-gauge or 25-gauge needle 
or can be purchased prebent. Available 
in a variety of shapes and sizes. A cys- 
totome can be affixed to a syringe filled 
with balanced salt solution or a visco- 
elastic material, which allows fluid to 
be inserted into the anterior chamber 
without the cystotome being removed 
from the eye. 








Surgical Blades 





Most surgical blades are supplied presterilized and are disposable. They either can be 
supplied preloaded on a handle or inserted into a standard surgical scalpel handle. 
Blades for standard surgical scalpels are available in various sizes and shapes (Nos. 10-15, 
Nos. 20-23). Numbers 10 and 15 tend to be the most commonly used in ophthalmology. 
Blades typically are made of rib-back carbon steel or stainless steel. Reusable diamond 
blades are also available and are preferred by some surgeons for their sharpness; however, 
care must be taken with the sterilization of these instruments. 


Stab Knife Blades 
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Figure 8-89 A stab knife is used for 
controlled entry to the anterior chamber 
for paracentesis and other purposes. A 
variety of blades and angles are avail- 
able, including 15° (“supersharp”), 22.5°, 
30°, and 45°. 


Corneal and Scleral Blades 


Figure 8-90 Crescent blade. Used for 
tunneling through the sclera into clear 
cornea. Straight or angled design. 


Figure 8-91 Keratome (phaco slit knife). 
Blades with various diameters, for vari- 
ous desired incision sizes, are available 
for the phacoemulsification procedure. 
Sharp-tip keratomes (shown) penetrate 
the cornea easily and provide an opti- 
mal fit for the phaco tip. Blunt-tip kera- 
tomes are used to enlarge the phaco 
incision for intraocular lens insertion. 
This keratome follows the slit blade in- 
cision, and the cutting edge creates a 
precise opening for lens insertion. 


i 15 Degree 
a. 15 Degree 








Figure 8-92 No. 57 blade. Also called a 
“hockey-stick blade” due to Its unique 
shape. Often used for creating scleral 
flaps. 





Figure 8-93 No. 59 blade. Also called a 
“Ziegler knife.” Used to make a precise 
entry into the anterior chamber through 
the limbus. 


| 





Figure 8-94 No. 64 blade. This blade 
has both a straight edge and a rounded 
edge. In addition to creating scleral in- 
cisions, it is also used for scraping the 
corneal epithelium. 


Figure 8-95 No. 66 blade. Available an- 
gled or straight. Used to create lamellar 
dissections of sclera or cornea. 
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Figure 8-96 No. 69 blade. The blade 
is curved all the way around. Useful 
for creating extracapsular cataract inci- 
sions as well as for corneal scraping. 


~ 
—_ 





Figure 8-97 Microvitreoretinal (MVR) 
blade. Also called a “needle knife.” 
Has a sharp, diamond-shaped, pointed 
blade, usually 19 or 20 gauge. Used in 
vitreous surgery to create sclerotomies. 


(ee 0.9mm MVR/Sdprt 


| d 0.9mm MVR/Sdprt 





Adjustable-depth Blades 





Figure 8-98 Many widths and angles 
are available. Can be made of steel or 
diamond. Frequently show depth mark- 
ings to ease the creation of clear cor- 
nea incisions, limbal relaxing incisions, 
and scleral pockets and tunnels. 








Key Points 





e Scissors for microscopic use have specific design characteristics for the type and 
direction of incision and for the tissue to be dissected. Depending on the surgical 
purpose, scissors may be blunt or sharp, or curved or straight, and may feature 


either spring action or direct action. 


e Forceps are used for tissue stabilization and suture tying; they vary in size and tip 
characteristics depending upon desired function. Teeth and serration help grasp 
ocular tissues. A broad, flat, nontoothed tip aids the surgeon in tying sutures. Some 
instruments contain a locking device in the handle. 

e Surgical blades vary in size and shape according to tissue dissection and type of 
incision. They include designs for stab incision, curvilinear incision, and dissection 


of deep tissue layers. 


Angunawela RI, Little B. Fish-tail technique for capsular tension ring insertion. J Cataract 
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uiowa.edu/eyeforum/cases/case26.htm. Accessed February 5, 2019. 


Oetting TA, Omphroy LC. Modified technique using flexible iris retractors in clear corneal 
cataract surgery. J Cataract Refract Surg. 2002;28(4):596-598. 
Rixen JJ, Oetting TA. Fishtail on a line technique for capsular tension ring insertion. J Cataract 


Refract Surg. 2014;40(7):1068-1070. 
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Self-Assessment Test 





1. Which statement is inaccurate? 
a. It is the surgeon’s responsibility to know about the surgical instruments 
before surgery begins. 
b. Many ophthalmic instruments come in different sizes. 
c. Variations in ophthalmic surgical instruments are often subtle but nonethe- 
less important. 
d. The eyelid speculum that can create the most force in opening the eyelids is 
often the most appropriate in intraocular surgery. 
2. Which forceps is most appropriate for handling the conjunctiva during glau- 
coma filtering surgery? 
a. 0.12-mm toothed forceps 
b. smooth forceps 
c. Fechtner forceps 
d. jeweler forceps 
3. Which of the following is the least appropriate instrument to sweep vitreous 
away from an incision? 
a. cyclodialysis spatula 
b. Barraquer spatula 
c. Kimura spatula 
d. Castroviejo spatula 
4. Which ring is appropriate to use for fixation when making a clear corneal tem- 
poral incision for cataract surgery? 
a. Fine Thornton Ring 
b. Malyugin Ring 
c. Flieringa Ring 
d. McNeill-Goldman Ring 
5. Which of the following is not typically a single-use instrument? 
a. keratome 
b. capsule tension ring 
c. cystotome 
d. mosquito clamp 


For preferred responses to these questions, see Appendix A. 
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Suture Materials and Needles 


Jennifer Lee, MD 
Keith D. Carter, MD 


Surgical techniques for reapproximation of skin edges and support of wounds vary widely; 
the broad array of suture material allows ophthalmic surgeons individual preferences in oc- 
ular surgery. This chapter introduces the characteristics of suture and needle construction 
that the beginning surgeon must understand in order to minimize tissue damage and maxi- 
mize wound support. (Chapter 15 reviews the mechanics of proper knot tying and suturing.) 


Characteristics of Sutures 





An ideal suture should allow ease of handling and correct tensile strength, and incur mini- 
mal tissue reactivity. The surgeon must select a suture material with the characteristics 
that are most appropriate for the cutaneous or ocular wound. 

The following definitions are helpful for understanding characteristics of sutures. 


Suture-size nomenclature. A number followed by a dash and a zero describes suture 
size. In ophthalmic surgery, sutures between 2-0 and 10-0 are most common. A 
smaller number indicates a larger suture. The size of the suture affects the tensile 
strength. 

Handling. The ease of manipulating and tying a suture. 

Coefficient of friction. The force required to move 2 sliding surfaces over each other, 
divided by the force holding them together. 

Tensile strength. The amount of force required to break a suture, divided by its cross- 
sectional area. This is a specific feature of the suture composition itself. Strength of 
the suture also depends on its size; for example, a 6-0 suture is typically more resis- 
tant to breakage than a 10-0 suture. 

Tissue reactivity. The amount of inflammatory response evoked by the presence of 
suture material. 


Classification of Sutures 





Sutures are classified by the kind of material from which they are made (natural, synthetic, 
metallic), their internal structure (monofilament versus multifilament), whether they are 
absorbable, and their diameter. 
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Material 


Suture is composed of natural fibers (silk or gut), synthetic material (nylon, polyglycolic 
acid, polypropylene), or stainless steel. Selection of suture material involves consider- 
ation of absorbability, tensile strength, and handling needs for the situation. No suture is 
ideal from all standpoints; therefore, the choice of suture material remains the surgeon's 
preference. 


Internal Structure 


Monofilament sutures are made of a single strand of material, while multifilament su- 
tures are braided strands of single filaments. Monofilament suture causes less scarring 
and tissue reaction. It is easier to remove and has less tissue drag. With monofilament 
sutures, a 3-1-1 tying sequence is used for throws (a throw is the tying down of one or 
more loops; see Chapter 15 for techniques of wound closure). The number of throws used 
also depends on the memory of the material. Polypropylene (Prolene) is resistant to being 
deformed (bent or knotted) and sometimes requires a 3-1-1-1 sequence, while nylon may 
be tied with a 2-1-1 sequence. Braided suture is easier to manipulate, has higher tensile 
strength, and maintains tension on a wound after the first throw. With braided sutures, a 
2-1-1 or 1-1-1 sequence can be used. Silk sutures are braided and are considered the easi- 
est to handle and tie because the suture deforms exceptionally well. 


Absorbability 


Absorbable sutures degrade by an enzymatic process (hydrolysis by tissue fluid) in the 
space of 5 days to 3 months. Common absorbable sutures include gut, chromic gut (gut 
treated with a chromic salt to increase its resistance to absorption), synthetic polyester 
(Biosyn), polyglactin (Vicryl), and polyglycolic acid (Dexon). Absorbable sutures can- 
not be used where extended approximation of tissue is required. These sutures absorb 
more quickly in areas of infection and inflammation. They should be used with caution 
in patients suffering from conditions that may cause delayed wound healing. All absorb- 
able sutures cause a slight foreign-body response that results in the gradual loss of tensile 
strength and suture mass as the enzymatic process dissolves the suture until it is com- 
pletely gone. This process can cause increased scarring. 

Nonabsorbable sutures allow for extended approximation of tissues. Common non- 
absorbable sutures are nylon (Surgilon, Monosof, Dermalon), polyester (TiCron, Mer- 
silene), polypropylene, silk (Sofsilk), and stainless steel. Nonabsorbable sutures elicit a 
minimal acute inflammatory reaction that is followed by a gradual encapsulation of the 
suture by fibrous connective tissue. Some nonabsorbable sutures, such as polypropylene, 
can remain indefinitely in a deep closure, but they must be removed if used on the skin. 


Absorbable suture material 

There are 4 types of absorbable suture material: gut/chromic, polyglactin and polygly- 
colic acid (Vicryl/Dexon), glycolide/lactide polyester (Polysorb), and polydioxanone and 
polydioxanone/glycolide/trimethylene carbonate (PDS II/Biosyn). Table 9-1 summarizes 
each category. 
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Gut suture is composed of strands of collagenous material prepared from the sub- 
mucosal layer of the small intestine of healthy sheep or from the seromucosal layer of the 
small intestine of healthy cattle. It is packaged in a solution of isopropanol, water, and 
triethanolamine. The suture dries out quickly and becomes stiffer and more difficult to 
handle; therefore, gut should be opened immediately before usage. Care should be taken 
to avoid crushing or crimping this relatively fragile suture material. Gut is useful in situa- 
tions when tissues need to be approximated for 4-8 days. It is not useful in the closure of 
sites subject to expansion, stretching, or distention unless other sutures are used deeper 
in the tissue for structural support. Use of this suture should be avoided in patients with 
sensitivity to collagen or chromium. 

There are many synthetic absorbable polyester and polyglycolic acid ophthalmic su- 
tures, the most common of which are outlined in Table 9-1 in order of fastest absorption 
to slowest absorption. Vicryl (polyglactin 910) and Dexon (glycolic acid) are braided sutures 
with similar absorption properties. They elicit lower tissue reaction than gut suture. These 
sutures offer wound support for 7-10 days. Absorption is complete in 60-90 days. Skin 
sutures may cause localized irritation after 7 days. Polysorb (glycolide/lactide polyester) 
is a braided suture that offers wound support for 15-20 days; absorption is complete in 
56-70 days. PDS II (polydioxanone) and Biosyn (glycolide, dioxanone, trimethylene car- 
bonate) are monofilament sutures and are similar in absorption properties. They offer 
wound support for 15-20 days and are completely absorbed in 90-110 days. Additional 
throws may be necessary for these monofilament sutures. 


Nonabsorbable sutures 
There are 5 types of nonabsorbable sutures: silk, Prolene/Surgipro, nylon, TiCron/ Mersi- 
lene, and stainless steel. Table 9-2 summarizes each category. 

Silk suture (Sofsilk, Perma-Hand) is considered the gold standard for handling and is 
made from natural proteinaceous silk fibers called fibroin; the material is derived from the 
domesticated silkworm species Bombyx mori. Silk suture is braided and coated with a wax 
mixture to reduce capillarity and increase the ease of passage through tissue. Silk sutures 





Table 9-2 Examples of Nonabsorbable Sutures 


Tensile 
Type Primary Material Filament Type Strength Degradation Comments 
Natural 
Sofsilk, Fibroin Multi None in Some Gold standard 
Perma-Hand 365 days for handling 
Stainless steel Stainless steel Mono or multi Permanent None Telecanthus 
repair 
Synthetic 
Prolene, Surgipro Polypropylene Mono Permanent None Resists 
involvement 
in infection 
Nylon (many Nylon Mono or multi 20% per Some 
brands) year 
TiCron, Mersilene Polyethylene Multi Permanent None 


terephthalate 





CHAPTER 9: Suture Materials and Needles e 115 


are not absorbed, but progressive degradation of the proteinaceous fiber may cause a very 
gradual loss of the suture’s tensile strength. This suture enhances bacterial infectivity. 

Polypropylene (Surgipro, Prolene) is a monofilament suture that does not change in 
tensile strength over time. This suture resists involvement in infection and has been suc- 
cessfully employed in contaminated and infected wounds to eliminate or minimize fistula 
formation and suture extrusion. The lack of adherence to tissue has facilitated the use of 
polypropylene suture as a pull-out suture. This material does not deform easily and so 
may require extra throws to avoid knot slippage. 

Nylon sutures are available in both monofilament (Monosof, Dermalon, Ethilon) and 
braided (Surgilon, Nurolon) forms. The braided suture is coated with silicone to increase 
the ease of passage through tissue and to reduce capillarity. This suture is not absorbed, 
but progressive hydrolysis of the suture may result in gradual loss of tensile strength over 
time. Nylon is more easily handled than polypropylene, but the monofilament version 
may still require an extra throw. 

Polyester suture composed of polyethylene terephthalate (TiCron, Mersilene) is a 
braided suture that is not absorbed and does not degrade over time. It has a higher coef- 
ficient of friction and maintains tension on a wound after the first throw. 

Stainless steel suture is composed of 316L stainless steel, a type of molybdenum- 
bearing steel that is more resistant to corrosion than the conventional chromium-nickel 
stainless. Stainless steel suture is available in both monofilament and multifilament forms. 
This type of suture offers extremely high tensile strength and is used for telecanthus repair. 


Suture Size 


The diameter of sutures may range from thread-like to microscopically thin: the larger 
the suture, the smaller the number that is assigned to it. Tables 9-3 and 9-4 list the sizes of 
sutures commonly used for extraocular and intraocular surgery. 


Needles 





Suture needles are classified by 2 primary characteristics: shape and curvature (Figs 9-1 and 
9-2). Shapes include % circle (45°), % circle (90°), % circle (135°), % circle (180°), % circle 
(225°), bi-curve, compound curve, and straight. Different diameters are available; usually 
these are selected to match the diameter of the suture material being used. The %-circle 
needle is used most commonly, and the %-circle needle is useful in tight spaces. Straight 
needles are used in the anterior chamber to suture without disturbing the lens. 

Needle points are classified as either “taper” or “cutting.” Cutting needles can be “con- 
ventional cutting,’ “reverse cutting,” or “spatula.” The needle point determines how easily 
sutures are passed through tissue. Taper points push through tissue. In ophthalmology, 
these needles are usually labeled “BV” for blood vessel repair and are used primarily for 
delicate tissue (eg, the conjunctiva in a trabeculectomy procedure, in which the seal around 
each suture pass is essential to prevent leaking). Cutting needles are more commonly used; 
their cutting action facilitates the needle penetration of tissue. Reverse cutting needles are the 
most versatile and cut on the outside curve of the needle. Conventional cutting needles 
cut on the inside curve and can create a bigger hole, as the needle tends to move superiorly 
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Table 9-3 Examples of Sutures for Extraocular Surgery 


Suture Size 


2-0 
3-0 


4-0 


7-0 


Type and Use 


2-0 polyglactin (Vicryl): strong stitch to use as deep anchoring sutures on cheek flaps 

3-0 expanded polytetrafluoroethylene (Gore-Tex CV-3): for indirect browplasty 

3-0 silk: to loop the rectus muscles in scleral buckle surgery 

3-0 polyglactin: strong stitch to use as deep anchoring sutures on cheek flaps or for 
subcutaneous closure of forehead and scalp 


4-0 silk: reverse cutting needle for traction sutures 

4-0 silk: taper needle for bridle sutures under extraocular muscles 

4-0 polyglactin: short half-circle reverse cutting needle, especially useful for lateral tarsal strip 

4-0 polyglactin: long reverse cutting needle for thicker subcutaneous closure or as an 
anchoring suture 

4-0 polyglactin: used on a P-2 needle for tight areas like lateral canthus during eyelid 
tightening 

4-0 chromic: for Quickert suture and suturing oral mucosa 

4-0 chromic: short half-circle needle useful for suturing the flaps for external 
dacryocystorhinostomy 

4-0 polyester fiber (Mersilene): S-2 half-circle needle for eyelid tightening 


5-0 nylon: for brow skin closure 

5-0 polypropylene (Prolene): blue color especially useful for repair of lacerations in the 
brow hairs 

5-0 polyglactin: for subcutaneous and orbicularis muscle closure 

5-0 chromic: for medial spindle operation used double armed, Quickert sutures (entropion) 

5-0 fast-absorbing gut: for skin closure 

5-0 polyester (Dacron): for scleral buckle attachment to the sclera, superior oblique tuck, or 
posterior 

5-0 fast-absorbing gut: for skin closure 

5-0 polyester: for scleral buckle attachment to the sclera, superior oblique tuck, or posterior 
fixation sutures in strabismus 


6-0 polyglactin: double armed for tarsal fracture operation and Jones tube anchoring suture 

6-0 nylon: for skin closure of eyelid and periocular skin and to intubate and tie stent used 
with pigtail probe for repair of canalicular lacerations 

6-0 fast-absorbing plain gut: for conjunctival closure and for skin closure (blepharoplasty) 

6-0 polypropylene: used with P-1 needle for skin closure 


7-0 polyglactin: for closure of conjunctiva and skin 








Table 9-4 Examples of Sutures for Intraocular Surgery 


Suture Size 
4-0 
5-0 


7-0 


8-0 


9-0 


10-0 


Type and Use 


4-0 silk: traction suture that can be passed under muscles and through the lids 


5-0 polyglactin: suture on a spatula needle for strabismus surgery used double armed to pass 
a locking stitch through the muscles and one-half thickness through the sclera 


7-0 polyglactin: suture for traction through the cornea 


8-0 polyglactin: on a taper-point BV needle (Ethicon) for the conjunctival wound in a 
trabeculectomy 
8-0 silk: used for scleral closure in open globes 


9-0 polypropylene (Prolene): iridodialysis repair with a straight or large curved needle 
9-0 nylon: used for scleral closure near the limbus 
9-0 polyglactin: suture on a BV needle for bleb revision or conjunctival defects 


10-0 nylon: closure of cornea and flap of trabeculectomy. Must be a dark color so that the 
suture can be identified for postoperative laser suture lysis 

10-0 polypropylene: iris or scleral fixation suture of intraocular lens 

10-0 polyglactin (Vicryl) monofilament: soft tissue approximation or ligation, often for 
ocular trauma to the cornea or when suture removal is not possible or desired. 
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Figure 9-1 Four basic shapes of needle points used in ocular surgery. A, Taper point. A cone- 
shaped single point on a round shaft; used for delicate tissues. B, Cutting. A triangular point 
with 2-sided cutting edges and an upper cutting edge; largely replaced by the reverse-cutting 
needle. C, Reverse cutting. A triangular point with 2-sided cutting edges and a lower cut- 
ting edge; used for resistant tissue. D, Spatula. A rhomboid-shaped point with 2-sided cutting 
edges; used in the cornea and the sclera, where the plane of penetration must be precise. 
(Reprinted, with permission, from Newmark E, Ophthalmic Medical Assisting: An Independent Study Course, 5th ed. San 
Francisco: American Academy of Ophthalmology; 2012.) 
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Figure 9-2 Curvature of needles used in ocular surgery. A, % circle. B, % circle. C, % circle. 
D, % circle. E, Compound curve. (Illustration by Mark M. Miller.) 


out of the wound. Spatula needles facilitate lamellar passes. They are commonly used in 
scleral buckle surgery or strabismus surgery; the flat-bottomed surface facilitates partial- 
thickness passes through the thin sclera without penetration of the interior scleral wall. 

When suturing, the surgeon should always grasp the needle one-third of the way from 
the suture end in order to avoid damaging the functional integrity of the needle or dull- 
ing the cutting surfaces. When handling 7-0 suture or smaller, the suture, rather than the 
needle, should always be grasped and pulled through the tissue, as the needle is easily 
snapped off the end of the suture. 
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Key Points 





e Suture material is classified by composition, internal structure, absorbability, and 
size. 

e Common nonabsorbable sutures include silk, nylon, and polypropylene. 

e Common absorbable sutures include gut/chromic gut, polyglactin (Vicryl)/glycolic 

acid (Dexon), and glycolide/lactide (Polysorb). 

Surgical needles are classified by shape, curvature, and point. 


Al-Mubarak L, Al-Haddab M. Cutaneous wound closure materials: an overview and update. J 
Cutan Aesthet Surg. 2013;6(4):178-188. 

Covidien. “Wound Closure Materials and Accessories.” http://www.medtronic.com/covidien/ 
en-us/products/wound-closure.html. Accessed February 5, 2019. 

Ethicon. “Wound Closure Overview.” https://www.ethicon.com/na/products/wound-closure. 
Accessed February 5, 2019. 

Lutchman CR, Leung LH, Moineddin R, Chew HE. Comparison of tensile strength of slip 
knots with that of 3-1-1 knots using 10-0 nylon sutures. Cornea. 2014;33(4):414-418. 


Self-Assessment Test 





1. What are the advantages of monofilament suture? 
a. less tissue reaction and scarring 
b. slower passage through tissue 
c. requires fewer throws for stability in knots 
d. rapidly absorbed 
2. Which of the following is an absorbable suture? 
a. silk 
b. nylon 
c. polyethylene (Prolene) 
d. polyglactin (Vicryl) 
3. Which best describes one of the properties of polyglactin (Vicryl) and glycolic 
acid (Dexon)? 
a. This suture material maintains tissue support for 7-10 days. 
b. This suture material incites a greater tissue reaction than gut suture. 
c. This suture material is absorbed in 30-60 days. 
d. This is a monofilament suture. 
4. Which statement best describes spatula needles? 
a. They are flat needles. 
b. They are useful for vascular repair. 
c. They facilitate lamellar passes in tissue. 
d. They are commonly used in multilayered skin repair. 


For preferred responses to these questions, see Appendix A. 
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This chapter discusses the fundamental principles of laser surgery, with an emphasis on 
the approach to retinal photocoagulation. For discussion of specific treatments, such as 
panretinal photocoagulation or posterior capsulotomy, please see this titles companion 
volume, Basic Techniques of Ophthalmic Surgery. 


Laser Physics 





Laser stands for Light Amplification by Stimulated Emission of Radiation—it is an acro- 
nym that is remarkably self-explanatory. Electrons that orbit the atomic nucleus prefer to 
be at the lowest energy level possible. The atom in which the electron resides determines 
the orbitals. When electrons drop to a lower orbital, they give off photons. The energy 
of the photon is determined by the difference in energy between the higher orbital and the 
lower orbital. Electrons can also be bumped up to a higher orbital if they absorb a photon 
whose energy matches the difference between the lower and upper orbitals. If a group of 
electrons is bumped up to a given orbital—a process referred to as “pumping”—and then 
encouraged to drop back down to a specific lower level under special circumstances, the 
result is laser light. 

Making this happen involves the “Stimulated Emission” part of laser. If a photon hap- 
pens to have the same energy as the difference between the higher orbit and the orbit 
below it, and if the photon happens to pass by one of these pumped-up electrons—without 
hitting it—the photon will stimulate the electron to drop into the lower orbit and produce 
a second photon that is coherent (ie, the peaks and troughs of the waves of both photons 
occur at the same time). This rather amazing property allows for the production of laser 
light from a host of stimulated electrons. Furthermore, a given photon can stimulate any 
number of electrons as it passes, and each photon released will in turn stimulate even 
more photons (the “Light Amplification” part of laser). 

In ion gas lasers of the past, a gas such as argon or krypton was used as the laser 
medium to provide the high-energy electron population. Excimer (excited dimer) lasers 
use a combination of argon and fluorine gas, and electrical energy is used to stimulate 
the argon to form high-energy dimers with fluorine. With the exception of excimer lasers 
(and CO, laser used on skin), typical modern ophthalmic solid-state and semiconductor 
lasers generate coherent light from a light-emitting diode; such lasers tend to be much 


119 


120 e Basic Principles of Ophthalmic Surgery 


smaller and more efficient than gas lasers. Stimulated emission occurs at the junction of 
the diode, and the diode itself is sandwiched between mirrors, with a fully reflective mir- 
ror at one end and a partially reflective mirror at the other. The photons bounce back and 
forth, which ensures that as many electrons as possible are stimulated to drop to a lower 
orbit and release a photon. The photons escaping through the partially reflective mirror 
produce the laser output beam. 

Lasers used to treat retinal diseases are known as “continuous-wave” (CW) lasers 
because their output beam is generated in a continuous fashion. The user sets the du- 
ration of the beam exposure, and the power output is titrated for a gradual, controlled 
response in the target tissue. This is in contrast to the “pulsed” lasers that are also used 
in ophthalmology, such as the excimer laser and the neodymium:yttrium-aluminum- 
garnet (Nd:YAG) laser. These types of lasers concentrate their energy output very quickly. 
Because energy is power expended per unit of time, a laser pulse released in a very short 
time can have a very high peak power, which can reach an extremely high power density 
(irradiance) in the target tissue and can essentially cause bubble formation and become 
explosive, as described later in this chapter. 

The frequency and correlated wavelength (A) of the light generated by a laser depend 
on the substance being used as the lasing medium. If the frequency produced is not ideal 
for the chosen application, it can be changed by using either harmonic generation or or- 
ganic dyes as the medium. An organic-dye laser can produce a spectrum of tunable wave- 
lengths, but such lasers are rather inefficient—a lot of energy is required from the primary 
“pumping” laser to excite and lase the organic dye fluorescence spectrum in the dye laser 
cavity and produce a modest tunable wavelength. 

Harmonic generation is a far more common technique for changing a laser’s fun- 
damental frequency. In this case, the laser light is passed through a special crystal that 
vibrates at the laser’s frequency and generates harmonics that are multiples of the laser’s 
frequency. Such crystals are commonly used to double the frequency of the output of 
an Nd:YAG laser in order to halve its fundamental infrared wavelength into a visible 
green beam (ie, from 1064-532 nm). A typical diode-laser-pumped, frequency-doubled 
Nd:YAG green laser generates light in this fashion. 


Laser—Tissue Interactions 





There are 3 main types of laser-tissue interactions, which depend on the nature of the 
laser: photodisruption, photocoagulation, and photoablation. These categories are a bit 
arbitrary because the interactions are really a part of a spectrum ofa tissue’s photothermal 
response to laser energy. However, these terms are convenient for distinguishing the tissue 
effects of different types of ophthalmic lasers. 


Photodisruption 


Photodisruption has a mechanical effect on tissue. It occurs during peripheral iridectomy 
or capsulotomy with Q-switched Nd:YAG lasers. This mechanical effect results from tightly 
focused, high-power laser light, which produces an explosively expanding vapor bubble of 
ionized plasma. This bubble then quickly collapses and produces acoustic shockwaves that 
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Figure 10-1 An example of treatment with 
femtosecond laser prior to cataract surgery. 
A matrix fragmentation pattern is present 
within the crystalline lens (along with cavita- 
tion bubbles). 





disrupt the tissue being treated. A variation on this process is achieved with the femtosecond 
Nd:YAG laser, which, compared to typical anterior segment Nd:YAG lasers, uses a much 
shorter interval to deliver the laser energy. This allows for very controlled photodisruption 
of tissue, which is useful for creating corneal stromal flaps in LASIK surgery. The femtosec- 
ond laser is also used in cataract surgery. When coupled with image guidance systems that 
use high-resolution anterior segment optical coherence tomography (OCT), the laser can 
create very precise corneal incisions and capsulotomies. It can even be used to make inci- 
sions in the crystalline lens to make phacoemulsification easier (Fig 10-1). 


Photocoagulation 


Photocoagulation is widely used for traditional retinal laser treatments. In this type of tis- 
sue interaction the laser literally cooks the tissue at a microscopic level. Laser energy is ab- 
sorbed by the tissue and generates heat, which then destroys the target tissue. Specifically, 
chromophores such as melanin in the retinal pigment epithelium (RPE) cells absorb the 
laser energy and convert it into heat. As the heat spreads to equilibrate with surrounding 
cooler tissue, it raises the temperature in the outer and inner retina, producing coagula- 
tion of proteins that results in loss of the natural transparency of the retina. This starts 
backscattering the slit-lamp light, showing the intended grayish-white burn endpoint, a 
change typically associated with thermal elevations of 20-30°C above baseline body tem- 
perature. The burn then induces scar formation that in turn creates the desired clinical 
effect. The degree of scarring required depends on the disease being treated; it ranges 
from very mild applications to treat macular edema to hotter burns designed to control 
proliferative retinopathy or to increase retinal adhesion around a retinal tear. Because 
traditional retinal photocoagulation results in some degree of damage, it is incumbent on 
the treating physician to optimize the laser settings to minimize potential short- and long- 
term complications from excessive treatment. Figure 10-2 shows an example of how heat 
spreads into the retina from the pigmented regions of the RPE and choroid. Figure 10-3 
shows retinal photocoagulation burns of different intensities. 


Photoablation 


Photoablation is the third form of laser-tissue interaction. Photoablation refers to the use 
of laser energy to ablate or break chemical bonds. The excimer laser that is used for cor- 
neal refractive surgery generates a wavelength of 193 nm (in the ultraviolet range) to break 
chemical bonds, which allows very precise removal of corneal tissue with only minimal 
damage to the surrounding structures. 
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Figure 10-2 An example of how heat spreads up into the retina from the pigmented regions 
of the RPE and choroid. As the energy is increased, the damage extends higher and higher 
into the retina. When more of the retina is damaged, the clinical appearance of the laser spot 
becomes whiter as the involved tissue loses its transparency and scatters more light. Ch, cho- 
roid; BM, the Bruch membrane; RPE, retinal pigment epithelium; OLM, outer limiting mem- 
brane; ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner 
plexiform layer; GCL, ganglion cell layer; NFL, nerve fiber layer; ILM, inner limiting membrane. 
(Modified from Weingest, T et al, Laser Surgery in Ophthalmology: Practical Applications, Copyright © 1992;17 with 
permission of the McGraw-Hill Companies.) 





Figure 10-3 A series showing retinal photocoagulation burns of different intensities. The left 
image shows very mild burns with only light graying of the retina—the lower burns are very 
light and the ones at the top of the image are more powerful. This is the type of treatment 
often used for macular edema. The middle image shows burns that are typically used for 
panretinal photocoagulation. There is more whitening in the center, and choroidal details are 
not seen beneath the opacified retina. Note that even with a standard power and spot size 
there is variable uptake as indicated by the different amount of whitening at the center of each 
burn. The image on the right shows much heavier burns that are almost entirely white. These 
burns are too hot for most treatment indications. (Courtesy of Ingolf H.L. Wallow, MD.) 
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There is a fourth tissue interaction—photochemical—wherein a very low-power laser 
is used to activate a specific chemical to obtain the desired effect in the tissue. In this 
case the laser has no direct effect on the tissue itself; the clinical response depends on the 
chemical being activated. The use of a red laser to activate verteporfin to treat neovascular 
age-related macular degeneration is the best example of this in ophthalmology. 


Wavelength 





The wavelength of the laser is a very important factor for safe and effective treatment. 
Figure 10-4 shows how certain ocular chromophores absorb various wavelengths. For ex- 
ample, there is a marked drop-off in hemoglobin uptake and a gradual drop-off in mela- 
nin uptake as the wavelength increases and it moves into the red and infrared end of the 
spectrum. This explains in part why red and infrared burns require more power and tend 
to penetrate deeper through the RPE into the more pigmented choroid. Before using an 
infrared laser for retinal treatment, it is important to become familiar with the difference 
in absorbance in order to avoid complications. One cannot assume, for instance, that tech- 
niques that work for a green laser can be directly applied to an infrared laser. 

A subtler difference in treatment effect is thought to exist between the yellow and 
green wavelengths. Note that yellow coincides with an absorption peak of oxyhemoglo- 
bin; some investigators contend that this creates a clinically significant difference in how 
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Figure 10-4 The absorption of different laser wavelengths by xanthophyll, melanin, deoxy- 
hemoglobin, and oxyhemoglobin. Note that, in general, there is less absorption as one moves to 
the redder end of the spectrum. This explains the need for more power at longer wavelengths, 
which results in a deeper burn. Note that diode yellow hits a peak of oxyhemoglobin absorp- 
tion relative to diode green. This results in a slightly different effect between the 2 colors in 
the treatment of microaneurysms. It is not clear if the difference is clinically significant. Finally, 
the graph shows why it is dangerous to use blue wavelengths to treat the retina, given the 
profound uptake of that color by xanthophyll pigment in the macula. (Based on data from Mainster 
MA. Wavelength selection in macular photocoagulation. Tissue optics, thermal effects, and laser systems. Ophthalmology. 
1986;93:952-958.) 
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diabetic microaneurysms respond to each wavelength. However, it is unclear that there is 
much difference in the ultimate treatment effect, regardless of the wavelength used. Most 
of the studies involving retinal laser photocoagulation were performed using some sort 
of green wavelength—usually argon green (514 nm) or diode green (532 nm), and these 
wavelengths are generally available to most clinicians. 

The one thing to remember with any wavelength is that darker tissue will absorb 
much more laser energy than lighter tissue. In other words, if treatment needs to be car- 
ried into a pigmented area such as a nevus or a previous laser scar, it is crucial to reduce 
the power to avoid a dangerously hot burn. Conversely, a very pale area will require in- 
creased power, but the power will need to be reduced when the treatment returns to areas 
of normal pigmentation. 


Controlling the Energy 





It is important for the ophthalmic surgeon to understand how to modify the settings on 
the laser to control the energy that is delivered to the target tissue. The device used for 
an Nd:YAG capsulotomy has a fixed pulse duration and spot size, so only one setting, 
typically the energy in millijoules, can be modified. For retinal photocoagulation using a 
continuous-wave laser, the surgeon must select a spot size, an exposure time, and a power 
setting. In order to understand the amount of energy delivered with these settings, the sur- 
geon must know the following irradiance and fluence equations (also called power density 
and energy density, respectively): 


irradiance (W/cm?) = power (watts)/spot area (cm?) 
fluence (J/cm?) = energy (joules)/spot area (cm?) 


Because the energy (joules) equals the power (watts) times the exposure duration in 
seconds, the form for the fluence equation that is most useful clinically is: 


fluence (J/cm?) = power (watts) x exposure time (seconds)/spot area (cm?) 


Lasers used for photocoagulation allow the surgeon to control multiple variables, and 
for these lasers the fluence (energy density) is very important to understand and to be able 
to manipulate. Note that changes in power (watts) or exposure duration (time) create a 
linear increase or decrease in the energy delivered. As an example, if a given laser setting 
is providing an adequate burn and the duration is doubled, then one has to decrease the 
power to avoid a dangerously hot burn. The clinical effect of altering these variables can 
be intuitive—a mild increase in the power or duration will result in a mild increase in the 
burn, and vice versa. 


Heat Transfer 


Because the treatment is being applied to a biological system and not a photometer, the re- 
lationship between the energy delivered and the type of burn that results is complex. The 
same energy can result in different burns because the burn depends on how the laser is 
absorbed and how the heat is transmitted by the tissue. In other words, changing the laser 
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power and duration generally results in a commonsense change in the degree of uptake—a 
little more time or power results in a little more burn, and a lot more time or power results 
in a lot more burn. But this relationship is not always consistent. 

For example, although the equation for fluence suggests a linear relationship between 
power and duration and the degree of uptake, the actual laser effect is determined not only 
by the fluence but also by the rate of heat transfer out of the burn area. Heat transfer is 
governed by complex factors that include the nature and thickness of the tissue, the rate of 
absorption of laser energy, and the degree of vascularity. The rate of heat transfer explains 
why it is easy to get a burn in the retina but hard to get a burn on a large retinal blood 
vessel—the blood “carries away” the heat. Normally one does not treat large vessels, but 
it is important to recognize that safe use of the laser depends not only on the appropriate 
settings but also on a predictable degree of heat transfer away from the laser spot. This can 
become clinically significant if one needs to use high powers for a short duration. In this 
case there may not be time for the heat to spread, and so the burn can be much hotter than 
would be expected if the response of the tissue were truly linear. 

Heat transfer also explains why, as the power of the laser is increased, the center of a 
burn will become whiter before the periphery. The temperature in the center of the spot 
will increase faster than in the periphery because heat can easily escape from the periph- 
ery of the burn toward the adjacent untreated cooler tissue, but heat in the center of the 
burn has nowhere to spread and can only build up. This can be problematic if one is using 
burns that are hotter than necessary. For example, there is a danger that if there is even a 
slight increase in the energy uptake in the tissue (such as from increased pigmentation), 
the temperature at the center of the burn can rise so fast and high that the water in the tis- 
sue will boil. The result is an explosively expanding bubble of water vapor that can cause 
a hole, a hemorrhage, or both. 


Spot Size 


It is important to recognize that both irradiance and fluence are inverse functions of the 
square of the spot radius. That is, a small change in spot size can make a big difference in 
the irradiance (and fluence) delivered to the retina. To compensate for the change, adjust- 
ment of the spot size must always be accompanied by adjustment of the power. A lot of 
energy delivered into a small spot is another way to raise the temperature so fast that a 
destructive bubble of water vapor occurs. Even if the temperature is insufficient to cause 
vaporization, there can still be severe complications, such as damage to retinal or choroi- 
dal vessels, hemorrhage, or vascular closure. Another example of an insidious problem is 
burning through the Bruch membrane when treating for macular edema. This can result 
in the late development of a choroidal neovascular membrane. 


Putting the Variables Together 





All of these variables—power, duration, spot size, tissue absorption, and heat transfer— 
come into play when an ophthalmologist provides a laser treatment. For example, it may 
be necessary to use high powers when treating through media opacities. However, one 
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needs to be very careful if the media are clear, because a dangerously hot burn can result. 
One might also choose to use shorter exposure duration to make the laser less painful 
for the patient, but one needs to be careful because a higher power (irradiance) must be 
used and there is less time for heat to escape during the shorter exposure. If the treatment 
moves into a more pigmented area, the burns may suddenly be too hot. 

Another common technique is to decrease the spot size in order to get a better burn 
when the media are hazy. When this is done, it is crucial to reduce the power and then 
work it back up to determine the amount needed for a safe burn; otherwise the irradiance 
and fluence will be increased by the square of the difference in spot size, and a dangerously 
hot burn will ensue. This concept should be internalized to the point that it is automatic: 
if the spot size is decreased then the power must be reduced and titrated up to a new level 
that results in a safe burn. 

It is also important to remember that the spot size is not exclusively determined by the 
setting chosen on the slit-lamp adapter. Each type of contact lens will minify or magnify 
the size of the actual spot projected on the retina. If one changes to a different contact lens 
during a treatment, it is possible to markedly decrease the spot size delivered to the retina 
and, again, the power setting will need to be decreased and brought back to a safe level. 

There are other ways the spot size can change. In the retinal periphery, the spot 
sometimes shrinks during treatment through the edge of the patient’s lens. Or during 
application of a macular laser in an area of swollen retina, the thickened retina tends to 
diffuse the beam, and when the treatment moves to an area of thin retina, the spot effec- 
tively shrinks. It is important for surgeons to anticipate these changes and alter parameters 
accordingly. 

The bottom line is that there are 3 variables that the surgeon can control from the 
front panel of the laser and slit-lamp adapter when she performs retinal photocoagulation. 
The power and the duration are fairly forgiving if small adjustments are made to titrate the 
treatment effect. Spot size, however, is a variable with exponential quadratic effects, and 
when switching to a smaller spot, the surgeon must turn the power down and titrate back 
up for a safe burn. Alternatively, if the spot size is increased, it is necessary to increase the 
power and retitrate to perform an effective treatment. 

When “unpacked” into its various components, retinal photocoagulation may seem 
daunting. However, with experience, the process will rapidly become intuitive. The best 
way to approach it is to simply remember what a laser spot is. The retina is normally a 
beautifully transparent structure. If the organization of the cells and proteins is disrupted, 
then it begins to lose its transparency and to scatter the light, in the same way the cornea 
becomes cloudy when it swells. A mild burn means that the retinal proteins are gently 
cooked so that the retina becomes translucent—it gets a slight grayish color as light begins 
to be mildly scattered. Choroidal details can still be seen through a light gray burn. As the 
burn gets hotter there is more disruption of the protein matrix, more scattering of light, 
and the retina gets whiter and whiter—the opaque white retina masks the choroidal detail. 
If burns suddenly become very white, it is crucial to stop immediately and adjust the laser 
settings. The easiest thing to do is turn down the power to avoid complications such as 
retinal holes or hemorrhage. 
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Laser Safety 





In the United States, the American National Standards Institute (ANSI) has set forth vol- 
untary safety standards for laser use. Although these guidelines are voluntary, they can 
have legal ramifications if there are complications related to the use of the laser. Among 
ANSI’ guidelines: 


e Ina laser facility, one person (the laser safety officer) should be given the responsi- 
bility of safety oversight. 

e A laser warning sign should be placed at the entrance of the treatment room. 

e Visitors and assistants should wear laser eye protection within the range of poten- 
tially hazardous exposure (referred to as “the nominal hazard zone”). The nominal 
hazard zone is considered to be less than 1-2 m from the contact lens used to treat 
the patient, depending upon the laser system. 

e The laser should be placed in such a way that neither the direct output of the laser 
nor secondary reflections from the contact lens are likely to point toward unpro- 
tected personnel. 

e The foot switch for laser activation should be clearly marked and protected from 
the possibility of accidental firing. 

e The treating surgeon needs to be protected by filters with high optical density at 
the laser wavelength that are built into the slit lamp or operating microscope. If 
auxiliary viewing optics for an assistant are used, these must also be protected by a 
laser filter. 


Protective Eyewear 


Appropriate protective eyewear is important for nonmedical observers, such as the pa- 
tient’s relatives, because they may inadvertently place themselves in a potentially hazard- 
ous location. This is especially important regarding use of a laser that has an output in 
the ultraviolet or infrared wavelength, because these wavelengths are not visible. Laser 
photocoagulation systems that use an indirect ophthalmoscope pose more of a danger 
because the beam can be directed anywhere the surgeon happens to be looking, so laser 
eye protectors are mandatory for anyone else in the room. 

These issues are of less concern for fixed delivery systems, such as excimer lasers, 
which have a stable beam path and a very limited hazard zone. Furthermore, the 193-nm 
wavelength of an argon-fluoride excimer laser has very little thermal spread and limited 
tissue penetrance (hence its ability to affect only the surface of the tissue being treated). In 
this case, the need for eye protection for people in the treatment area is questionable, but 
from a medicolegal standpoint it may be reasonable to offer visitors clear plastic goggles. 

Although much has been written about the need for protective eyewear for observers, 
it is also important to remember that the most vulnerable eye is the patient's fellow eye—it 
is only centimeters from the area being treated. Although eye protection is generally not 
used for the fellow eye because it is well off-axis from the treatment, one should take care 
to avoid accidentally pointing the activated laser toward the fellow eye. This is particularly 
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important when procedures that use an indirect ophthalmoscope delivery system are per- 


formed. Finally, it is always important to observe all guidelines designed to prevent sur- 
gery being performed on the wrong eye (see Chapter 17). 


Patient Issues 





There are additional factors to consider concerning the use of lasers, which often depend 
on the patient’s level of understanding and expectations. For example, some patients may 
equate medical lasers with the type of destructive energy beams depicted in science fiction 
movies, or they may equate laser light with the type of radiation used to treat cancer. Both 
the patient and their family members may therefore be very frightened to be in the same 
room with the laser. It is reasonable to reassure them about the relative safety of medical 
lasers compared to these other modalities. It often helps for the treating physician to chat 
calmly and reassuringly to help alleviate the patient’s anxiety. 

It is crucial to spend as much time as necessary explaining the nature and rationale for 
the treatment as well as its risks, benefits, and alternatives. (The specifics of various laser 
procedures are covered in this book’s companion volume, Basic Techniques of Ophthalmic 
Surgery.) It is very helpful to have a family member or friend present both for this discus- 
sion and the treatment, if logistics allow. The patient may be too nervous to fully absorb 
all the information relayed, and having someone with whom to share the experience can 
be very reassuring. 

As part of this process, the surgeon should make sure that the patient has appropri- 
ate expectations, regardless of the type of laser treatment being performed. For refractive 
laser treatment, or Nd:YAG capsulotomy, the immediate effect of treatment is visual im- 
provement that patients can detect for themselves. (In such cases it is still important to be 
sure that patients do not have unrealistic expectations that will leave them disappointed 
with the results.) However, most lasers used for retinal photocoagulation, or glaucoma 
laser treatments such as laser trabeculoplasty or iridotomy, do not directly improve the 
patient’s vision. A careful discussion of outcomes is especially important with such treat- 
ments. Patients’ expectations may be wildly unrealistic in this setting, often because their 
main exposure to the concept of laser treatment comes from advertising for refractive 
procedures. For example, even with careful informed consent, patients with diabetes mel- 
litus may still assume that a laser procedure for macular edema or proliferative disease 
will immediately improve their vision. They can be very disappointed with an otherwise 
successful outcome. Such expectations may go unvoiced, and so it behooves the ophthal- 
mologist to explore them with the patient and to be sure that the goals of the treatment 
are repeated frequently. Another classic example involves a symptomatic retinal tear. The 
ophthalmologist may feel very good about having avoided the need for retinal detachment 
surgery, but patients can be very upset that the laser treatment did not immediately get rid 
of their flashing lights and floaters. 

Another concern that may go unvoiced is that patients may have been told by friends 
or family about someone who was “blinded by the laser.” They can therefore be very re- 
luctant to undergo treatment that they may perceive as unnecessary. This is often seen 
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in the setting of diabetes mellitus, in which patients may be asymptomatic; however, the 
earlier treatment is started, the smaller the chance of vision loss. They can therefore be 
very reluctant to undergo treatment that they may perceive as unnecessary, especially in 
the setting of diabetes mellitus where problems are ideally identified prior to the patient 
having symptoms. It is important to explore these feelings and to reassure the patient as 
much as possible. Often such stories arise from situations in which patients presented 
very late in the course of their retinopathy, and laser was attempted with only partial suc- 
cess. That is to say that their vision deteriorated not from the laser but rather from disease 
that was discovered too late. A scenario like this can be turned around and used to better 
educate both the patient and family about the need for early diagnosis and treatment to 
avoid such outcomes. 

Some patients may have a profound ocular-cardiac response to the placement of a 
contact lens and/or the noxious stimulus caused by the laser. Although no demographic 
is exempt from this response, it seems to be more common in younger males. Patients 
should be warned to report any lightheadedness, which may indicate an impending syn- 
copal episode. The treating ophthalmologist should be ready to discontinue the treatment 
immediately and have the patient put his or her head between the knees or even lie down 
on the floor until the episode passes. It is usually possible to restart the treatment cau- 
tiously after several minutes. Fortunately, this reaction is unusual, but it helps to mention 
it prior to initiating any treatment so that no one is surprised by what can be a rather dra- 
matic occurrence. It is equally important to remember that patients with multiple medical 
comorbidities may have other reasons for feeling lightheaded during the laser treatment, 
including hypoglycemia or true cardiac or neurologic emergencies, and that appropriate 
emergency measures should be undertaken if patients do not improve in a manner con- 
sistent with a simple vasovagal episode. 


New Directions 





Retinal laser treatment has been a mainstay of ophthalmic therapy for decades. As a result 
there have been constant efforts to improve the efficacy and safety of the various tech- 
niques. Newer delivery systems that can apply multiple spots over a brief period of time 
have been developed; proponents feel that these can facilitate treatments such as pan- 
retinal photocoagulation. There are systems that track the retinal vasculature, which allow 
physicians to indicate the lesions to be treated, which are then automatically targeted by 
the laser. Extensive research on subthreshold treatments has also been done; these do 
not have an obvious clinical effect when the treatment is performed, but the goal is to 
induce a favorable effect in retinal tissue without causing the scarring that occurs with 
typical retinal photocoagulation burns. Advances in anterior segment techniques are also 
occurring at a dramatic rate as more sophisticated algorithms are developed to optimize 
refractive laser treatment and new indications are developed for the femtosecond laser. It 
is incumbent on the ophthalmologist to become familiar with the newest techniques to 
provide optimal patient care and, at the same time, to remember the fundamentals of laser 
treatment to ensure that these devices are used safely and effectively. 
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Key Points 





The nature of laser light makes it ideal for treating ophthalmic diseases. The wave- 
length of light generated by the laser, and whether it is pulsed or a continuous wave, 
determines the type of tissue effect and allows the surgeon to optimize treatment 
depending on the pathology. 

Understanding the variables under the surgeon's control is crucial to a safe and ef- 
fective treatment. These include being familiar with the way different lasers interact 
with ocular structures and how the laser settings can be used to titrate the clinical 
effect. 

With retinal photocoagulation it is important to understand the change in energy 
delivered to the retina, which is caused by altering variables such as the laser’s power 
and duration as well as the spot size. 

Variations in pigmentation can dramatically change the tissue’s uptake of laser en- 
ergy. Darker tissue will absorb much more of the laser energy than lighter tissue. 
A complete discussion of both the rationale and the risks and benefits of a given 
procedure is required to ensure patient understanding and cooperation. The treat- 
ing physician must also be prepared to address issues that may go unvoiced by the 
patient, such as fear of the laser and unrealistic expectations of the treatment. 
Safety issues should be addressed: appropriate location of the laser, ensuring treat- 
ment of the correct eye; ensuring the correct laser settings, and the use of protective 
eyewear when appropriate. 
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Self-Assessment Test 





1. When retinal photocoagulation is performed, which of the following should be 
done if the ophthalmologist decreases the spot size from 200 um to 100 um? 
a. Increase power to ensure effective treatment at the new spot size. 
b. Increase the duration given the slower uptake with the smaller spot. 
c. Turn down the power and retitrate back up to obtain an appropriate burn. 
d. Switch to a different contact lens that is better suited to the smaller spot size. 
2. Which of the following wavelengths is least absorbed by melanin? 
a. 647 nm/red 
b. 532 nm/green 
c. 577 nm/yellow 
d. 810 nm/infrared 
3. Which of the following variables are used in the formula for determining the 
fluence of a laser spot? (Choose all that apply.) 
spot size 
. duration 
contact lens type 
. wavelength 
power 
4. Which of the following preparations are important to perform prior to using 
any laser? (Choose all that apply.) 
a. Ensure that visitors and staff are wearing appropriate protective eyewear. 
b. Ensure that the patient is aware of the risks, benefits, and alternatives of the 
procedure. 
c. Ensure that the patient has appropriate expectations regarding the visual 
outcome. 
d. Warn the patient about possible vasovagal response from the laser. 
5. When performing an Nd:YAG capsulotomy, which of the following laser—tissue 
interactions is involved? 
a. photoablation 
b. photodisruption 
c. photocoagulation 
d. photochemical 


cao op 


For preferred responses to these questions, see Appendix A. 
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The Accreditation Council for Graduate Medical Education (ACGME) is a private, non- 
profit organization that accredits residency programs and fellowships in 154 medical and 
surgical specialties. Residency programs must maintain ACGME accreditation in order 
to receive graduate medical education funds from the federal government. To be eligible 
for certification by the American Board of Ophthalmology, residents must graduate from 
ACGME-accredited programs. In addition, states frequently require completion of an 
ACGME-accredited residency program for medical licensure. 

In surgical specialties such as ophthalmology, the creation and maintenance of an ac- 
curate surgical case log by each resident is critical for his or her program’s maintenance of 
accreditation. In addition, ophthalmology residency programs are required to report on 
specific milestones, some of which involve the development of both cognitive and techni- 
cal skills essential to surgical competency. 


ACGME Case Logs 


For residency programs to maintain accreditation, residents in ophthalmology must log 
their surgical procedures into the ACGME Case Log System, which can be accessed at 
www.acgme.org. The ACGME has set a minimum number of cases in various categories 
of ophthalmic surgery in which residents must participate as the first assistant surgeon or 
as the primary surgeon. Graduating residents are currently required to individually meet 
minimums for all procedures (Table 11-1). The minimums were set at the twentieth per- 
centile of surgical procedures performed by residents nationwide in 2006. The Residency 
Review Committee (RRC) for Ophthalmology periodically reviews these minimums and 
makes changes when deemed appropriate. These were last updated in 2014. 

Meeting minimums, while required, is not an indicator of surgical competence but 
rather an indicator of experience. Residents may need to perform more than the mini- 
mum number of cases in a category before competence is attained. Residency programs 
must evaluate competence in these procedures to ensure that graduates of the program are 
able to perform them competently without supervision. 

Accurate surgical logs are important from a programmatic standpoint. Residency 
program directors and clinical competency committees use case log data to make sure 
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Table 11-1 Required Minimum Number of Procedures for Graduating Residents in 
Ophthalmology (2014) 


Category? Minimums 
Cataract — total (S) 86 
Laser surgery -YAG capsulotomy (S) 5 
Laser surgery - laser trabeculoplasty (S) 5 
Laser surgery — laser iridotomy (S) 4 
Laser surgery — panretinal laser photocoagulation (S) 10 

Corneal surgery 

Keratoplasty (S+A) 5 
Pterygium/conjunctival and other cornea (S) 3 
Keratorefractive surgery — total (S+A) 6 
Strabismus - total (S) 10 
Glaucoma - filtering/shunting procedures (S) 5 
Retinal vitreous — total (S+A) 10 
Intravitreal injection (S) 10 
Oculoplastic and orbit — total (S) 28 


Oculoplastic and orbit — eyelid laceration (S) 

Oculoplastic and orbit — chalazia excision (S) 

Oculoplastic and orbit — ptosis/blebpharoplasty (S) 
Globe trauma - total (S) 


BWW WwW 





aS = surgeon procedures only. S+A = surgeon and assistant procedures. 


(Courtesy of the Accreditation Council for Graduate Medical Education.) 


that all residents have an equivalent and diverse educational experience. They also make 
critical decisions regarding the curriculum and rotation changes based in part on the data 
collected in the surgical case logs. In addition, applicants for residency will often use a 
program’s surgical case statistics when evaluating them for desirability. 

Residents are required to log each procedure in which they perform the role of first 
assistant or primary surgeon into the ACGME Resident Case Log System. As of July 2018, 
at least 364 procedures, including both surgeon and assistant roles, should be completed 
by graduation from an ACGME-accredited ophthalmology residency program. The sys- 
tem uses Current Procedural Terminology (CPT) codes to identify the specific types of 
procedures performed. While it is helpful and efficient if the resident knows the CPT 
codes for the individual cases he or she is logging, a search function included in the system 
allows the resident to scroll through procedures of a specific category. In addition, the date 
of service, patient’s date of birth and unique identifier, attending physician, institution, 
and resident role are required as part of the log. 


Resident Roles 


When logging a case in the system, the resident must select the role of surgeon or assis- 
tant. To be considered the surgeon, the resident must be present for all critical portions 
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of the case and must perform the majority of those critical portions under appropriate 
attending-physician supervision. Critical portions of the case include both the preopera- 
tive assessment and postoperative management. A resident may be considered the as- 
sistant only if he or she is the first assistant to either the attending surgeon performing 
the case or to another resident or fellow performing the case under supervision of the 
attending surgeon. 


Bilateral and Multipart Cases 


In bilateral cases, if a resident performs the role of surgeon on one side, he can count that 
as 1 case. If he performs both sides of a bilateral case, he can still only count this as 1 case. 
However, if 2 residents participate in a case and 1 functions as the primary surgeon role 
on one side and the second resident performs the role of primary surgeon on the contra- 
lateral side, both residents can count that surgery as 1 case. For example, if a resident per- 
forms both sides of bilateral complex ectropion repair, she can only count this as 1 case. 
However, if she performs one side and another resident performs the other side, both can 
claim a primary surgeon role for that case. 

In the situation of surgeries that involve multiple procedures, the resident may count 
the individual procedures as separate operations so long as these procedures are not part 
of the same category (eg, cataract, cornea, strabismus, glaucoma, retina/vitreous, oculo- 
plastics/orbit, globe trauma). For example, if a resident performs both an eyelid laceration 
repair and a corneal laceration repair on the same patient as part of the same surgery, 
he can record both procedures as primary surgeon, since one falls under the category of 
oculoplastics/orbit and the other under globe trauma. However, if a resident performs 
both a scleral buckle procedure and a pars plana vitrectomy to treat a retinal detachment, 
he can only record 1 procedure as surgeon. In the same example, if there were 2 residents 
operating and one performed the scleral buckle and the other performed the vitrectomy, 
each could record his procedure as primary surgeon as long as each resident performed 
the majority of the critical components of the logged case. 


Common Pitfalls 





There are several issues that can lead to inaccurate and incomplete surgical case logs: 


1. Procrastination. It is very easy during a busy residency to put off logging in cases. 
However, if one does not keep meticulous records in a physical notebook or a 
HIPAA-compliant electronic database, surgical logs are destined to become less 
accurate with time. The ACGME Case Log System is now optimized for use with 
iOS and Android mobile devices (https://apps.acgme.org/connect for US pro- 
grams; https://apps.acgme-i.org/connect for international programs). This should 
make logging cases in “real time” easier for the resident. 

2. Not starting on Day 1. Surgical case logs are often the furthest things from the 
minds of new residents. However, even first-year residents may assist with or per- 
form surgery during their first week. If residents are not aware that they should be 
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recording the details of each case, these records may be forgotten or untraceable 
when it comes to logging them into the ACGME Resident Case Log System. Sev- 
eral residency programs now review case log data on a monthly basis in order to 
address issues regarding case number deficiencies and logging timeliness. 


. Not knowing what to log. While it is likely obvious that every case performed in the 


operating room should be logged, many minor in-office procedures have the po- 
tential to be overlooked for logging. All in-office procedures must be logged into 
the system. These include, but are not limited to: 

chalazion incision and curettage 

eyelid lesion removal 

eyelid biopsy 

paracentesis to release intraocular fluid 

repair of a corneal leak or laceration with tissue glue 

botulinum toxin injection (chemodenervation) to treat blepharospasm 
intravitreal injection 

tarsorrhaphy 

canthotomy 

eyelid laceration repair 

closure of punctum via cautery 

probing of lacrimal canaliculi, with or without irrigation 

incision and drainage of lacrimal sac 

all laser procedures 


It is recommended that the resident become familiar with the CPT codes used in the 
ACGME Ophthalmology Case Log System. These codes can be found on the ACGME 
website (www.acgme.org). In addition, the resident should consult with the supervising 
attending physician regarding the specific procedures and CPT codes associated with each 
case she has performed or with which she has assisted. 


Tips for Maintaining an Accurate Surgical Log 





1. 


Keep a secure notebook (digital or paper) on hand at all times and create an entry 
with every procedure performed. 


. Keep track of the patient identifier, date of birth, procedure(s) performed, your 


role in the procedure(s), attending name, date of procedure, and institution. 


. Ifyou are unsure of something, discuss the surgery with the attending physician to 


confirm that you are accurately and completely listing all the procedures you have 
performed. 


. Print out the ophthalmology CPT codes used by the ACGME. Keep this list with 


your notebook and use it for reference when you code your procedures. 


. Remember that all procedures, not only cases performed in the operating room, 


need to be recorded in the log. These include common in-office diagnostic and 
therapeutic procedures. 
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6. Do not forget about cases in which you “only assisted.” These need to be logged, too. 

7. Enter your cases into the ACGME Case Log System daily, if possible. The longer 
the interval between entries, the more time-consuming and unmanageable the 
process becomes. 

8. Log via app. The ACGME mobile site may save time when you log your cases. 


Beyond Residency and the ACGME 


Maintenance of a surgical case log is helpful for practicing ophthalmologists even beyond 
residency. A surgical log is documentation of an ophthalmologist’s professional experi- 
ence. While the American Board of Ophthalmology (ABO) currently does not require 
documentation of a surgical case log for Maintenance of Certification (MOC), several 
other surgical specialty boards do, and the ABO may follow suit in the future. Further- 
more, hospitals, surgery centers, malpractice insurance carriers, and potential employers 
may require surgical logs from the most recent 12-36 months for a physician to be con- 
sidered for privileges, insurance coverage, or employment. 





Milestones 





Since 2014, ophthalmology residency programs have been required to use and report on 
each residents ophthalmology milestones. Akin to the developmental milestones used to 
help assess children as they progress socially, cognitively, and physically throughout child- 
hood, the ophthalmology milestones were developed as a joint project of the ACGME and 
the ABO to provide structure for the assessment of the development of a resident’s com- 
petency as a physician in the specialty of ophthalmology. The milestones were designed 
to be used by program directors and clinical competency committees in the semiannual 
review of each resident’s performance. 

There are currently 24 milestones that encompass key knowledge, skills, attitudes, 
and other attributes of the ACGME core competencies. Each milestone is divided into 
5 levels, with Level 1 consistent with the expectations of a beginning resident who has 
some education in ophthalmology and Level 5 consistent with the expectations of an oph- 
thalmologist who has graduated residency and may have been in practice for several years. 
The typical target for residents is that by the time they graduate they reach Level 4 for each 
of these 24 milestones. 

Patient care milestones 6 and 7 specifically address the subject of resident physician 
competency in both non-operating-room based surgery and operating-room based sur- 
gery, respectively. Patient care milestone 6 (PC-6) encompasses laser procedures, nasolac- 
rimal duct probing, chalazion excision, eyelid lesion excision and biopsy, and temporal 
artery biopsy. Patient care milestone 7 (PC-7) includes cataract, strabismus, cornea, glau- 
coma, retinovitreous, oculoplastic/orbit, and globe trauma surgeries. Details regarding 
the language of the ophthalmology milestones can be found on the ACGME website. 

Program directors and clinical competency committees may use various assessment 
tools to determine the level of each resident with respect to these to milestones. These may 
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Global Rating Assessment of Skills in Intraocular Surgery (GRASIS): Global Rating Scale of Operative Performance 


Resident: Preceptor: 





Circle Procedure: ClearCornea Extracap ScleralTunnel Trabeculectomy PPV PKP Other: 









































Did not recognize or analyze potential 
ocular/non-ocular risk factors of case 


Identified risk factors and had partially 
complete plan for them 


Beginning Middle End of Rotation 
Preoperative Planning/Knowledge of Patient 
1 2 3 5 N/A 


Identified risk factors. 
Planned ahead appropriately 





Knowledge of Procedure 





Constantly asked to re-center and/or re-focus 
the microscope or eye 


1 2 3 5 N/A 
Required specific instructions at most steps Demonstrated some forward planning Familiar with all aspects of procedure 
Microscope Use: Centration 

1 2 3 5 N/A 


Kept the eye centered. Maintained 
good view with microscope 





Instrument Handling 
1 2 3 


Repeatedly makes tentative, awkward, or Competent use of instruments but 


5 N/A 


Fluid moves with instruments, no 








Many unnecessary movements. 
Entered and exited eye needlessly. 


Efficient time/motion/energy but some 
unnecessary movements 


inappropriate movements with instruments occasionally stiff or awkward awkwardness 
Treatment of Ocular Structures and Other Tissues 

1 2 3 5 N/A 
Frequently used unnecessary force or caused Careful handling of tissues but occasionally Appropriate handling of tissues and 
damage by inappropriate use of instruments caused inadvertent damage structures. Produced no damage 
Flow of Operation: Time and Motion 

1 2 3 5 N/A 
Frequently seemed unsure of surgical plan. Knew most important steps of operation. Progressed effortlessly. Maximum 


efficiency by conserving intraocular 
motion and energy 





Use of Non-dominant Hand 
1 2 3 


Does not use non-dominant hand or performs Performs few movements with dexterity at 
low, inappropriate movements certain steps of procedure 


5 N/A 
Uses non-dominant hand with 
dexterity throughout the procedure 





1 2 3 
Frequently asked/used wrong instrument. Knew names of most instruments. Used 
Unaware of proper equipment settings appropriate settings/tools for task 


Knowledge of Phacoemulsification and Vitrector Equipment and Instruments 


5 N/A 
Obviously familiar with instruments 
and equipment 





Surgical Professionalism: Interaction with Assistants/Scrub Nurse/Surgical Preceptor 





request proper assistance 


1 2 3 5 N/A 
Failed to request or use assistance when Appropriate use of assistance most of the time Strategically used assistant to the best 
needed advantage at all times 
Handling of Unexpected Operative Events/Adverse Events 

1 2 3 5 N/A 
Unable to recognize adverse events or Professional and competent identification of Superior independent management of 
inappropriate over reaction due to inability to event appropriate assistance event 





Overall Performance 
1 2 3 


Unable to perform operation independently Competent, could perform operation with 
minimal assistance 





5 N/A 
Clearly superior, performed operation 
independently with confidence 





Figure 11-1 The Global Rating Assessment of Skills in Intraocular Surgery (GRASIS). (Reprintea, 
with permission, from Cremers SL. Global Rating Assessment of Skills in Intraocular Surgery [GRASIS], Ophthalmology. 


Volume 112, Issue 10, Pages 1655-1660, October 2005.) 


include multisource assessments, chart audit or review, surgical case logs, oral and writ- 
ten examinations, chart-stimulated recall, focused skills assessment, Ophthalmic Clinical 
Evaluation Exercise (OCEX), operating-room surgical skills assessment, Outcome and 
Assessment Information Set (OASIS), Global Rating Assessment of Skills in Intraocular 
Surgery (GRASIS; Fig 11-1), and surgical video review. It is therefore very important for 
residents to comply with requests from their program directors to participate in and com- 
plete these assessments. In addition to giving program directors and clinical competency 
committees the ability to better assess residents’ surgical competency, these assessments 
can be directly useful to residents understanding their own levels of performance and 


determining areas in which improvement is needed. 
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Key Points 





Residents must log every procedure that they perform or with which they assist into 
the ACGME Case Log System. 

Accuracy and completeness of each resident’s case log is critical for his or her resi- 
dency program’s maintenance of ACGME accreditation. 

Each resident is expected to have logged the required surgical procedure mini- 
mums by the end of residency. 

Surgical case logs are measures of experience, whereas milestones are tools used to 
assess competency. 

Timely data entry into the ACGME Case Log System is the key to accurate and 
complete case log data. 


Accreditation Council for Graduate Medical Education. Ophthalmology. Subsite of www. 


acgme.org for ophthalmology-related documents, program requirements, milestones, 
deadlines, and other resources. Available at http://www.acgme.org/Specialties/ Documents- 
and-Resources/pfcatid/13/Ophthalmology. Accessed February 7, 2019. 


Accreditation Council for Graduate Medical Education and the American Board of 


Ophthalmology. The Ophthalmology Milestone Project. Available at http://www.acgme.org/ 
Portals/0/PDFs/Milestones/OphthalmologyMilestones.pdf. Accessed February 7, 2019. 


Cremers SL, Lora AN, Ferrufino-Ponce ZK. Global Rating Assessment of Skills in Intraocular 


Surgery (GRASIS). Ophthalmology. 2005;112(10):1655-1660. 


Fisher JB, Binenbaum G, Tapino P, Volpe NJ. Development and face and content validity 


of an eye surgical skills assessment test for ophthalmology residents. Ophthalmology. 
2006;113(12): 2364-2370. 


Taylor JB, Binenbaum G, Tapino P, Volpe NJ. Microsurgical lab testing is a reliable method for 


assessing ophthalmology residents’ surgical skills. Br J Ophthalmol. 2007;91(12):1691-1694. 


Self-Assessment Test 





1. A resident is the primary surgeon under attending supervision for both sides of 
a bilateral upper blepharoplasty. The resident can log the case as which of the 
following? 

a. as 2 primary surgeon cases since the resident operated on both sides 

b. as 1 primary surgeon case since both procedures are in the same category 
(oculoplastic/ orbital surgery) 

c. as an assistant surgeon for 2 cases since there was an attending present who 
was billing for the case 

d. as an assistant for 1 case and as primary surgeon for 1 case 

2. A resident is the primary surgeon for a combined cataract extraction via phaco- 
emulsification and trabeculectomy, which is performed on the same patient on 
the same day. The resident can log the case as which of the following? 

a. 2 cases, since one procedure falls under the cataract category and the other 
under the glaucoma category 
b. 1 case, since both procedures were performed by the same resident 
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c. 1 case, since both procedures were performed on the same day 
d. as an assistant for both, since there was an attending present 
3. Which of the following procedures should be logged into the ACGME Case 
Log System? 
a. extracapsular cataract extraction 
b. probing of canaliculi with or without irrigation 
c. gonioscopy 
d. all of the above 
e. A and B only 
4. What is required for a resident to claim the role of surgeon? 
a. The resident is present for and performs the majority of the critical portions 
of a surgical case. 
b. The resident participates in the preoperative assessment. 
c. The resident participates in the postoperative care. 
d. All of the above. 


For preferred responses to these questions, see Appendix A. 
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Aseptic and sterile techniques have evolved tremendously since the medical profession 
officially accepted Joseph Lister’s antiseptic principles of surgery in 1879. Often, the terms 
“aseptic” and “sterile” are used interchangeably. A distinction can be made in that “aseptic 
technique” limits pathogens in the working field or environment, whereas “sterile tech- 
nique” is used to prevent all microorganisms from entering the working field. 

Today, much time and care are taken to minimize the possibility of infection that can 
result from surgical procedures. According to the Guideline for Prevention of Surgical Site 
Infection published by the Centers for Disease Control and Prevention, the most com- 
mon pathogens involved in postoperative eye infections are coagulase-negative Staphylo- 
coccus and Staphylococcus aureus and gram-negative bacilli. This chapter introduces you 
to the agents, techniques, and practices used to reduce the infection rate after surgical 
procedures. 


Skin Preparation 





The most common antiseptic agents used in preoperative preparation of the surgical site 
are iodophors, alcohols, and chlorhexidine gluconate. 

Iodophors, such as povidone-iodine, are compounds based on a bactericidal complex 
of iodine and a nonionic surface-active agent. In ophthalmic surgery, iodophors are the 
agents used most frequently in preparing the skin around the eyes as well as the conjunc- 
tiva and cul-de-sac. They provide bactericidal effect while they are present on the skin, 
and they are effective against gram-positive and gram-negative bacteria, viruses, fungi, 
protozoa, and yeasts. Because they can cause skin irritation, iodophors should be avoided 
for patients with iodine sensitivity. 

Alcohol (70%-90% ethyl or isopropyl) works by denaturing proteins. It is effective 
against gram-positive and gram-negative bacteria, fungi, some viruses, and tuberculosis 
mycobacteria. Alcohol is readily available, inexpensive, and acts rapidly. Because it is eas- 
ily ignited and burns rapidly, alcohol must be handled carefully in the operating room. 
(See Chapter 17 for discussion of preventing fire in the operating room.) 
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Skin-preparation solutions that contain chlorhexidine gluconate (eg, Hibiclens), 
SHOULD NOT be used for facial skin, periocular, or surgical-site preparation. Severe and 
permanent corneal toxicity has been reported with the use of these agents. 

Due to allergy and irritation from the more common agents used to reduce post- 
operative skin bacterial load, there has been a widespread search for alternatives. In one 
recent study, baby shampoo was found to be comparable to povidone-iodine and isopro- 
pyl alcohol in the reduction of the bacterial load of eyelid skin. 


Application of Antiseptic Agents 





In practice, if gross contamination is present from dirt, soil, or debris (as may occur in 
eyelid lacerations), the skin should first be cleaned by irrigating the site with saline. The 
application of antiseptic begins with the eyelashes. Cotton swabs are soaked with antiseptic 
and applied along the upper and lower eyelash lines. Next, the surgical site is cleaned by 
applying, with gauze sponges, the antiseptic in concentric motions, starting from the cen- 
tral surgical site and moving outward peripherally. This process is repeated 3 times, with 
new sponges used for each application of antiseptic (so the area is cleaned 4 times in total, 
with 4 sponges). Avoid moving from peripheral site to the central site, as contamination 
can occur. All areas that will be exposed during the surgery should be covered with the 
antiseptic (Fig 12-1). For intraocular surgeries, drops of detergent-free povidone-iodine 
5% are placed on the conjunctiva and fornices to reduce the risk of endophthalmitis. 

For operations that require local anesthetic, an alcohol swab is used to clean the injec- 
tion site. Once the local anesthetic is injected, skin preparation begins as described above. 


Hand Scrubbing 


Scrubbing of the surgeon's hands and forearms involves antiseptic agents similar to those 
used in preparing the skin of the surgical site. Before scrubbing the hands, the surgeon 
dons a surgical mask and head cover. Any jewelry and artificial nails should be removed. 
It has generally been accepted that the first scrub of the day should last 5 minutes; how- 
ever, the optimum duration of scrubbing is not proven, and some studies suggest that just 
2 minutes is effective. See also “Hand Preparation” in Chapter 3. 

Here are the 4 basic steps in scrubbing the hands and forearms: 





1. Begin by cleaning underneath the fingernails, and then proceed proximally from 
the hand to the elbow (Fig 12-2A, 12-2B). 

2. Elevate the tips of the fingers so the water and scrub solution drain off the elbow 
(Fig 12-3A, 12-3B). 

3. Following the scrub, keep the hands up and away from the body and the elbows 
bent. 

4. When rinsing, take care to avoid allowing runoff to contaminate the opposite hand 
or forearm. 


In addition, newer alcohol-based antiseptics are commonly used. Prior to each glov- 
ing, the hands and fingers are massaged, with particular attention paid to the fingers, 
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Figure 12-1 Prior to preparing the patient, topical ophthalmic anesthetic is placed in the eye 
to prevent irritation to the eye from the antiseptic solution. A, B, For periocular or intraocular 
surgeries, detergent-free povidone-iodine 5% is placed directly onto the conjunctiva and fornix 
with a bulb syringe or a soaked sponge/gauze pads. C, The lashes are cleaned with cotton- 
tipped swabs soaked in povidone-iodine 5%. D, E, The solution is wiped from the central surgi- 
cal site outward in a circular motion. (Courtesy of Scott C. Sigler, MD.) 


cuticles, and interdigital spaces. If alcohol-based antiseptics are not used, hand washing 
with chlorhexidine solution for 2 minutes prior to surgery is also acceptable. 

Historically, hand scrubbing has often been performed before the first case of the day 
and whenever the hands are contaminated (eg, after lunch or using the restroom). This 
practice has been examined, and the resulting evidence suggests that it is not necessary to 
wash the hands before using hand rub unless they are visibly soiled or dirty. In fact, even 
the application of the hand rub formulation may be impaired by the washing phase itself 
or if the hands are not completely dried before the hand rub formulation is used. 

The antimicrobial efficacy of alcohol-based hand rub formulations is superior to 
that of all other currently available methods of preoperative surgical hand preparation, 
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Figure 12-2 Hand scrubbing. A, The nails are addressed first with solution, water, and the nail 
pick. B, Note that during scrubbing, the fingertips are pointed up. (Courtesy of Scott C. Sigler, MD.) 





Figure 12-3 Hand scrubbing. A, After the hands are scrubbed, the arms are scrubbed to the 
elbows. B, The hands are rinsed before the forearms. The fingertips stay pointed up. (Courtesy 
of Scott C. Sigler, MD.) 


including iodine-based solutions and those that contain chlorhexidine. Numerous stud- 
ies have demonstrated that formulations that contain 60%-95% alcohol alone, or 50%-95% 
when combined with small amounts of a quaternary ammonium compound (QAC), hexa- 
chlorophene, or chlorhexidine gluconate, reduce bacterial counts on the skin immediately 
after scrubbing more effectively than do other agents. 
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A simple hand wash with soap and water by all members of the team before they enter 
the operating theater area is highly recommended to eliminate the risk of colonization 
with bacterial spores. Nonmedicated soaps are considered sufficient, as is one hand wash- 
ing. Repeating hand rubbing without again washing or scrubbing the hands is generally 
recommended before the surgeon moves on to the next procedure. 


Gowning and Gloving 





Microorganisms are shed from hair, exposed skin, and mucous membranes. Surgical at- 
tire, including scrubs, caps/hoods, masks, gowns, and gloves are used to minimize expo- 
sure to these mircroorganisms. In most operating rooms, a scrub technician is available 
for help with gowning and gloving; informing the scrub technician of your gown and 
glove size is helpful. For times when a technician is not available, you should be familiar 
with the technique of gowning and gloving yourself. This section discusses the procedures 
for doing so with and without an assistant. 

Sterile towels for drying hands and forearms are made available in the operating room 
and are usually placed on top of a gown. After a thorough scrub, the surgeon carefully 
grasps the towel with the dominant hand and extends his or her arm as minimally as pos- 
sible over the sterile field without dripping water from the freshly scrubbed hands onto 
the field (see “Sterile Field” later in this chapter). 

The towel is opened with the dominant hand underneath the towel. The nondomi- 
nant hand is dried with the upward-facing side of the towel. Drying starts with the tips of 
the fingers and goes to the elbows. Then the towel is flipped onto the nondominant hand 
so the dominant hand can be dried with the other side of the towel. The towel is then dis- 
carded in the appropriate bin, which is located outside the sterile field. 


Gown and Glove Procedure With an Assistant 


After you have dried your hands and forearms, the technician approaches with a gown 
held open, the inside facing you. Insert your hands and arms into the arms of the gown, 
but do not extend your hands through the open ends of the gown arms. The technician 
then offers one glove, typically fingers down. Extend the hand into the glove as it exits 
the open end of the gown arm, so that the glove can be pulled onto the hand and over the 
gown arm with minimal exposure of the hand. The same procedure is then performed 
with the other glove. The technician or scrub nurse ties the inside back of the gown and 
you rotate to wrap the gown around your back, where the outside is tied, again with the 
help of the technician or scrub nurse. 


Gown and Glove Procedure Without an Assistant 


The technician typically places the gown on the table with the back facing up. The goal is 
to don the gown without touching the outside surface; it is acceptable to touch only the 
interior of the gown. Carefully grasp the inside of the gown, near the top. With the help 
of both gravity and your hands, the gown is allowed to unfold and open. Carefully slide 
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nurse or technician will tie the back of the gown. Fig 12-4 illustrates the steps of putting 
on sterile gloves without an assistant. 


Draping 





Draping refers to the positioning of sterile drapes around the surgical site in order to avoid 
contamination of the incision, instruments, and supplies. Depending on the procedure 
and the surgeon, draping can vary tremendously. The goal is to drape inside the previ- 
ously prepared sterile field so that the drapes expose the sterile area to be operated while the 
nonsterile surrounding areas are covered. It is usually recommended that the edges of 
the drapes incorporate adhesive material so there can be a tight seal that prevents move- 
ment of the drapes during the procedure. The draping is performed after the application 
of antiseptic solution (Fig 12-5). 


Sterile Field 


The sterile field consists of the surgeon's gown in front of the chest to the level of surgical 
site, his or her hands up to the elbows, and the surface of the draped table. If there is any 
nonoperative time during the surgery (eg, while waiting to be given an instrument), the 
hands should remain in the sterile field; they are usually clasped together in front of the 
chest or placed on the operating table. Arms should not be crossed with hands in axilla 
because the axillary region is considered nonsterile. Hands below the waist are considered 
no longer sterile. If an instrument falls below the level of the table, it is considered non- 
sterile and must be replaced. A nonsterile member of the surgical team should remove the 
instrument, not the surgeon or scrub technician. If the surgeon must cough or sneeze dur- 
ing the surgery, the correct technique is to back away from the table and cough or sneeze 
into the surgical mask. The surgeon should not remain at the operating table and turn his 
or her head, since masks are not sealed to the face. 

When using a surgical microscope, move it by the sterile handles; there are areas that 
are within reach that may not be sterile. If there is any question as to what is sterile or not 
within the field, it is best to ask before touching. If there is a question during the procedure 
of whether an unsterile object touched an area, instrument, or part of the surgeon’s gown 
or gloves, stop the procedure and cover the suspected area with a sterile towel, if possible. 
If the surgeon's arm is contaminated, a sterile sleeve can be placed over it. A contaminated 
glove should be replaced. 

When 2 gowned people pass each other, they should pass face to face or back to back. 
The surgeon should never walk by the sterile field with his or her back to the sterile drapes 
or to the sterile surgical table. 
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Figure 12-4 Putting on sterile gloves without an assistant. A, Placement of sterile gloves 
with right glove on right side. B, Using the unexposed left hand, place the right glove on top 
of the unexposed right hand, thumb to thumb, with fingers pointing proximally. C, Fold the 
unexposed right fingers into the glove. Using the unexposed left hand, grab the superior edge 
of the cuff and wrap it around the right hand. Pull the right sleeve and glove into place. D-G, 
Repeat the procedure for the left hand. (Courtesy of Scott C. Sigler, MD.) 
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Figure 12-5 Example of draping. A, Place a head drape over the forehead. B, Place a drape on the 
patient's chest. Drapes will have labels that indicate the direction of the head. C, D, Carefully 
unfold the drape toward the feet without touching the nonsterile surroundings. E, Expose the 
drape adhesive by removing the paper tapes. F, G, When a nasal cannula will be employed, the full 
face must be prepared and exposed in order to avoid oxygen buildup under the drape, as this 
can cause ignition when the cautery is used. (Courtesy of Scott C. Sigler, MD.) 
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Key Points 





e The most commonly used skin preparation agents include iodophors, such as 
povidone-iodine and solutions that contain alcohol. 

e The steps involved in the surgical hand scrub include cleaning the fingernails; next, 
scrubbing proximally from the hand to the elbow; then elevating the tips of the fin- 
gers so the water and scrub solution drain off the elbow. 
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Self-Assessment Test 





1. Which of the following is accurate regarding povidone-iodine? (Choose all that 
apply.) 
a. It is bacteriostatic. 
b. It is effective against gram-positive and gram-negative bacteria. 
c. It is ineffective against fungi and yeast. 
d. It only infrequently induces an allergic reaction. 
e. It is less effective than alcohol for antisepsis. 
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2. Which of the following is true regarding the surgical hand scrub? (Choose all 
that apply.) 
a. It is proven to require 5 minutes minimum. 
b. It proceeds from hand proximally to elbow. 
c. It always begins with the surgeon’s dominant hand. 
d. It must include cleaning the fingernails. 
3. Which of the following is correct in the gown and glove procedure without an 
assistant? (Choose all that apply.) 
a. The surgeon exposes the hands through the end of the gown arms. 
b. The surgeon grasps only the inside surface of the gown. 
c. The surgeon must tie the back of the gown. 
d. Gloves are donned before the gown. 
4. The sterile field typically includes which of the following? (Choose all that 
apply.) 
a. the area between the surgeon's waist and shoulders 
b. the microscope base 
c. the surgical field 
d. the underside of the operating table, if above the waist 
5. In intraocular surgeries, what is the current accepted practice to reduce the rate 
of endophthalmitis? 
a. preoperative eyelash trimming 
b. preoperative saline irrigation 
c. preoperative topical antibiotics 
d. preoperative povidone-iodine 
6. Which of the following is the most appropriate method to adjust surgical loupes 
on a gowned surgeon? 
a. Use one sterile hand to adjust the loupes and then replace that glove. 
b. Ask a nonsterile member of the team to adjust the loupes and be sure not to 
contaminate the surgeon. 
. Give the surgeon a towel from within the surgical field to adjust the loupes. 
d. It is never appropriate to adjust surgical loupes during a case since the gowned 
surgeon is sterile. 


f 


For preferred responses to these questions, see Appendix A. 
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Ophthalmic Anesthesia 
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Yunhee Lee, MD, MPH 


Adequate ophthalmic anesthesia is required for safe ocular surgery; it may be local (topi- 
cal, intraocular, regional) or general in its effect. Along with surgical procedures, anesthe- 
sia techniques have evolved in recent years. Many intraocular surgeons utilize regional 
anesthesia by an orbital block, although topical anesthesia has grown in popularity, es- 
pecially in small-incision cataract surgery. Typically, general anesthesia is reserved for 
patients who are not candidates for regional or topical anesthesia. This chapter reviews 
local and regional anesthetic agents in common use, techniques of ocular anesthesia, ap- 
propriate patient selection, and possible anesthesia complications. 


Sedation 





The goal of sedation is to achieve anxiolysis (minimal sedation), amnesia, or somnolence. 
The choice of sedative agent depends on the patient, the procedure, and the surgeon. 

Often, patients who undergo ophthalmic surgery are elderly and may have multi- 
ple systemic illnesses that must be considered. In addition, surgical procedures differ in 
complexity, length, and degree of patient discomfort. In longer procedures, patients may 
benefit from continuous sedation so that they can tolerate lying quietly for the duration. 
Some surgeons prefer that the patient be awake and cooperative, especially when topical 
anesthesia is used. 

The desired level of sedation may be achieved with the intravenous administration 
of rapid-onset, short-duration drugs. For example, the benzodiazepine midazolam can 
be titrated in 0.5-1 mg increments to a total dose of 2 mg. Alternatively, the barbiturate 
methohexital or the sedative-hypnotic propofol may be given in 15-20 mg increments to 
a total dose of 30-60 mg. The advantages of methohexital and propofol are rapid onset 
(45-90 seconds) and short duration (5-15 minutes) of sedation, compared with an onset 
of 3 minutes and a duration of 1-3 hours for midazolam. 

Patient safety always comes first. Oversedation or increased drug sensitivity may lead 
to hypoventilation, hypoxia, obstructed breathing, and disorientation. Oxygen and a man- 
ual resuscitator for ventilation should always be readily available when sedation is given. 
Sedation must be attained while providing cardiopulmonary stability and good operating 
conditions, and there should be a rapid return to the patient’s preoperative mental and 
general physical status. Most ophthalmic surgery is performed on an outpatient basis, so 
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a rapid return to full recovery is extremely important. In many cases, sedation is admin- 
istered by anesthesia personnel who can focus solely on medication management during 
the surgical procedure. (See also “Minimizing Medication Errors: Communication About 
Drug Orders” in Chapter 17.) 


Local Anesthetic Agents 





Local anesthetic agents may be delivered topically, intraocularly, or by orbital injection. It is 
important to be familiar with the onset and duration of action of the various agents, as the 
expected length of the surgical procedure influences the choice of agent. Local anesthetics 
administered by orbital injection are frequently combined to produce a rapid onset and long 
duration. Certain adjuvant drugs are also commonly used to augment their effect. 


Topical Anesthetic Agents 


Table 13-1 lists topical anesthetic agents in common use for ocular surgery. The onset of 
anesthesia following instillation of each of the commonly used agents is within 15-20 seconds, 
and the anesthesia lasts 15-30 minutes. Superficial punctate keratopathy may result 
from all topical anesthetic agents due to epithelial toxicity and inhibition of epithelial 
cell division. 


Cocaine 

Cocaine was one of the first anesthetic agents used in ocular surgery. In addition to its 
anesthetic effect, cocaine is unique in that it produces vasoconstriction. Cocaine’s use for 
topical anesthesia in ocular surgery has largely been abandoned because it produces cor- 
neal clouding due to epithelial toxicity. Its most common current use is for surface anes- 
thesia of the upper respiratory tract in select oculoplastic procedures. 


Proparacaine 

Proparacaine 0.5% produces a rapid onset of corneal and conjunctival anesthesia with 
very little discomfort. A single drop is adequate to anesthetize the eye for applanation 
tonometry. However, 1 drop should be administered every 5 minutes for approximately 5 
doses to produce deeper anesthesia for ocular surgery. 


Tetracaine 

Tetracaine 0.5% has a slower onset and invokes more discomfort than proparacaine. The 
deeper anesthesia it produces still makes it a very useful agent in ophthalmic procedures. 
Local vasodilation results from its direct action on blood vessels. 





Table 13-1 Topical Anesthetic Agents 


Drug Concentration (%) Duration of Action (min) 
Cocaine 20 1-4 
Proparacaine 0.5 15 
Tetracaine 0.5 15 


Lidocaine 2-4 15 
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Lidocaine 

Lidocaine 4% and 2% solution or 3.5% gel is often used topically in ophthalmology. Of all 
anesthetic agents for ocular use, lidocaine is the least toxic to the corneal epithelium. Topi- 
cal lidocaine produces deep anesthesia with a relatively long duration of action, making it 
a popular anesthetic agent among cataract surgeons. 


Intraocular Anesthetic Agents 


An intraocular anesthetic may be administered as an adjunct to topical anesthesia. Ben- 
zalkonium chloride is known to be toxic to the corneal endothelium, so agents injected 
intraocularly should be free of this preservative. Nonpreserved lidocaine 1% is the most 
commonly used intracameral anesthetic agent, but the use of preservative-free tetracaine 
has been reported. 


Regional Anesthetic Agents 





Table 13-2 lists regional anesthetic agents in common use for ocular surgery. Combin- 
ing local anesthetics is a common practice when providing regional ophthalmic anes- 
thesia. Rapid-onset, short-acting agents like lidocaine or mepivacaine are frequently 
compounded with a long-acting, slow-onset agent like bupivacaine. The mixture com- 
bines the best properties of its constituents to provide a fast onset of anesthesia and long 
duration of postoperative analgesia. When local anesthetics are mixed for injection, the 
final concentration of each constituent is diluted by the others. For example, a 1:1 mixture 
of lidocaine 4% and bupivacaine 0.75% produces a solution containing lidocaine 2% and 
bupivacaine 0.375%. The incidence of systemic toxicity with regional anesthesia relates 
to the drugs used, the total dose administered, the vascularity of the injection site, and 
whether epinephrine was used as an adjuvant. Systemic toxicity with regional ophthalmic 
anesthesia is very rare, given the relatively small amount of anesthetic agent required for 
ophthalmic procedures. 


Lidocaine 


Lidocaine is commonly used in concentrations of 2% and 4% for regional anesthesia. It 
has a rapid onset of action and superb tissue penetration. The relatively short duration of 
action of lidocaine may be disadvantageous with prolonged ocular surgery, but its action 
may be extended by 75% or more with the addition of epinephrine. 





Table 13-2 Regional Anesthetic Agents 


Drug Concentration (%) Onset of Action (min) Duration of Action (min) 
Lidocaine 1-4 4-6 40-60 

120 (with epinephrine) 
Mepivacaine 1-2 3-5 120 
Bupivacaine 0.25-0.75 5-11 480-720 (with epinephrine) 


Etidocaine 1-1.5 3 300-600 
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Mepivacaine 


Mepivacaine is generally used in a concentration of 2%. It has a clinical activity similar to 
that of lidocaine, but mepivacaine’s duration of action is about twice lidocaine’s because it 
has fewer vasodilatory properties. 


Bupivacaine 


Bupivacaine in a concentration of 0.75% is typically used for regional ophthalmic anesthesia. 
It is a modified form of mepivacaine that has higher lipid solubility and protein-binding 
properties, so its use results in an increased potency and longer duration of action. The 
reduced tissue penetrance of bupivacaine delays its onset of action. Sodium bicarbonate 
will precipitate bupivacaine. 


Etidocaine 


Etidocaine is used in ophthalmic anesthesia typically in a 1.5% concentration. It is a modi- 
fied form of lidocaine with a higher potency and a more prolonged duration of action. 
Unlike bupivacaine, etidocaine has a rapid onset of action. Because it couples fast onset 
and long duration of effect, etidocaine is also a popular local anesthetic agent in some 
ophthalmic practices. 


Adjuvant Agents 


Epinephrine, hyaluronidase, and sodium bicarbonate are adjuvant drugs that are com- 
monly used to enhance the effect of regional anesthesia. Table 13-3 lists the constituents 
of a solution commonly used for regional anesthesia and administered in a retrobulbar or 
peribulbar block. 


Epinephrine 

Epinephrine causes vasoconstriction at the site of injection, thereby delaying the absorp- 
tion of regional anesthetic agents. The duration of action is prolonged for all except the 
longest-acting agents, and the effectiveness of the block is improved. The addition of 
0.1 mL of 1:1000 epinephrine (100 ug) to 20 mL of regional anesthetic solution is standard 
and produces a concentration of 5 ug/mL (1:200,000). 





Table 13-3 Anesthetic Solution Commonly Used for Regional Anesthesia 


Amount Drug 

10 mL Lidocaine 2%-4% 

10 mL Bupivacaine 0.75% 

0.1 mL Epinephrine 1:200,000 
150 units Hyaluronidase 


0.1 mEq Sodium bicarbonate 
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Hyaluronidase 

Hyaluronidase promotes the spread of the anesthetic solution through tissue. The en- 
zyme causes a reversible hydrolysis of extracellular hyaluronic acid, which breaks down 
collagen bonds and allows the anesthetic to spread across fine connective tissue barriers. 
Hyaluronidase is typically added to the regional anesthetic injectant in a concentration of 
7.5 units/mL. 


Sodium bicarbonate 
Sodium bicarbonate augments the tissue penetrance and onset of action of local anes- 
thetic agents by adjusting the pH of the solution toward the un-ionized basic form. 


Local Anesthesia 





The use of topical and intraocular anesthesia involves appropriate patient selection and 
modification in surgical techniques. 


Topical Anesthesia 


With the advent of small-incision phacoemulsification cataract surgery, topical anesthesia 
has grown in popularity. Topical anesthesia provides anesthesia to the cornea, conjunc- 
tiva, and anterior sclera, but sensation is maintained in the eyelids, posterior sclera, in- 
traocular tissues, and extraocular muscles. Therefore, when topical anesthetic is used, it 
is important to avoid excessive cautery, placement of a bridle suture, or manipulation of 
the iris. A modification in surgical technique is required when a topical anesthetic is used 
because sudden eye movements may be dangerous during instrumentation of the eye. 
The surgeon may choose to immobilize the globe with his or her nondominant hand to 
mitigate unwanted eye movement. 

Appropriate patient selection is critical when topical anesthesia is being considered. 
A cooperative patient who is able to follow instructions during surgery is required. The 
patient’s response to tonometry and A-scan ultrasonography appears to be a good predic- 
tor of how he or she will tolerate ocular surgery with this technique. Monocular patients 
may benefit from topical anesthesia because of their unique need for quick recovery of 
vision in the operative eye. Inappropriate candidates include patients who are very young, 
have a strong blink reflex, are unable to fixate (eg, because of macular degeneration), or 
have difficulty following commands (eg, because of dementia, deafness, language barri- 
ers). Patients for whom surgery will be longer (more than 30-40 minutes) or difficult (eg, 
those with dense cataracts, small pupils, or weak zonules) are best managed with other 
forms of anesthesia. 

Table 13-4 lists the advantages and disadvantages of topical anesthesia. The obvious 
advantage is avoidance of complications associated with injection into the orbit. In addition, 
topical anesthesia eliminates the need to patch the eye after surgery because it avoids the 
temporary vision loss as well as the risk of exposure keratopathy from lagophthalmos that 
can result from a block. Furthermore, there is no need to consider interrupting anticoagu- 
lant or antiplatelet therapy. Disadvantages include patient awareness during the surgical 
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Table 13-4 Advantages and Disadvantages of Topical Anesthesia 


Advantages Avoids complications associated with orbital injection of anesthesia 
Eliminates the need to patch the eye after surgery 
Avoids the temporary loss of vision in the eye undergoing surgery 
No need to interrupt anticoagulant or antiplatelet therapy 


Disadvantages Patients are aware of surgical procedure 
Discomfort with the eyelid speculum and microscope light 
Pain associated with intraocular manipulation or IOP fluctuations 
Lack of akinesia 





procedure, discomfort with the eyelid speculum and microscope light, pain associated 
with intraocular manipulation or intraocular pressure (IOP) fluctuation, lack of akinesia, 
and reliance on patient cooperation. 


Delivery of topical anesthesia 

An anesthetic agent is instilled topically onto the eye just before preparing the eye with 
betadine to sterilize the ocular surface (“prepping the eye”). The patient is instructed to 
fixate on the microscope light during the surgery in order to keep the eye stationary. An- 
esthetic drops are administered as needed during the surgical procedure. A variation of 
the technique involves placing pieces of ophthalmic cellulose sponge or instrument-wipe 
sponges (pledgets) saturated with anesthetic in the superior and inferior fornices. The 
pledgets are removed at the beginning or conclusion of the surgery. Sedative drugs can be 
helpful but are generally used minimally with topical anesthesia so to allow retention of 
patient cooperation. 


Intraocular Anesthesia 


Intraocular anesthesia may be used in conjunction with topical anesthesia. The combina- 
tion allows anesthesia of the cornea, conjunctiva, anterior sclera, iris, and ciliary body. 
The benefit of intraocular anesthesia is a reduction in pain associated with IOP fluctua- 
tion and manipulation of the iris, ciliary body, and lens. Patient selection is the same as for 
surgery performed under topical anesthesia alone. 


Delivery of intraocular anesthesia 

Nonpreserved lidocaine 1% is irrigated into the anterior chamber through a paracentesis 
or side-port incision. Directing the drug posterior to the iris during injection may provide 
maximal effect on the iris and ciliary body. After 15-30 seconds, the anesthetic is dis- 
placed by intracameral injection of balanced salt solution or viscoelastic. (See the review 
of intraocular fluids in Chapter 16.) A transient decrease in vision may occur if the 
anesthetic reaches the retina. 


Regional Anesthesia 





Regional anesthesia for intraocular surgery involves the injection of anesthetic agents into 
the orbit to provide anesthesia to the cornea, conjunctiva, sclera, intraocular structures, 
and extraocular muscles. Retrobulbar, peribulbar, and parabulbar blocks are the common 
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methods to deliver regional anesthetics. There is little or no patient sensitivity to IOP 
fluctuations and to the microscope light with regional anesthesia. Extraocular motility is 
eliminated, so there is less need for patient cooperation to control eye movements. Sur- 
gical procedures that require extensive intraocular manipulation or are expected to be 
lengthy (more than 30-40 minutes) are best performed with regional anesthesia. 

Table 13-5 lists the advantages and disadvantages of regional anesthesia. Regional 
anesthesia offers the advantages of full anesthesia and akinesia of the eye, reduced re- 
liance on patient cooperation as compared with topical anesthesia, and suitability for 
surgical procedures of relatively greater complexity and longer duration. Disadvantages 
of this technique for ocular anesthesia include the need to patch the eye during the 
postoperative period of recovery from anesthesia, advisability of interrupting antico- 
agulant or antiplatelet therapy, and potential complications associated with the orbital 
injection of anesthesia. 


Retrobulbar Block 


A retrobulbar block involves the injection of anesthetic solution into the space behind the 
globe within the muscle cone of the 4 rectus muscles. A 1.25-inch, 25- or 27-gauge needle 
is inserted transcutaneously or transconjunctivally just above the inferior orbital rim at a 
point in line with the lateral limbus (Fig 13-1). A short-beveled, blunt needle (Atkinson) 
can be used to reduce the risk of scleral perforation and retrobulbar hemorrhage. A sharp 
disposable needle produces less injection pain and is safe when proper injection technique 
is employed. The patient should be in primary gaze; an upward and inward gaze should 
be avoided because it places the optic nerve in a more vulnerable position. During entry 
of the needle, an index fingertip may be positioned between the globe and orbital rim to 
elevate the eye. The needle is advanced tangential to the globe and parallel to the bony 
floor of the orbit. 

Once the equator of the globe is passed, the needle is redirected upward and medially 
into the muscle cone. Increased resistance or globe rotation during needle advancement 
could indicate engagement of the sclera; if either is detected, the needle should be repo- 
sitioned. It has been suggested that the needle should not be inserted more than 31 mm 
from the orbital rim, and that the midsagittal plane of the eye should not be crossed 
because the optic nerve lies on the nasal side of this plane. After aspiration to ensure that 
the needle tip is not in a blood vessel, 3-4 mL of anesthetic solution is injected slowly. As 
the needle is withdrawn, orbicularis oculi muscle akinesia may be achieved by injecting 
1-2 mL of anesthetic anterior to the orbital septum. 





Table 13-5 Advantages and Disadvantages of Regional Anesthesia 


Advantages Full anesthesia and akinesia of the eye 
Reduced reliance on patient cooperation 
Suitable for surgical procedures of relatively greater complexity and longer 
duration 
Disadvantages Need to patch the eye during postoperative period of recovery from anesthesia 
Advisable to interrupt anticoagulant and antiplatelet therapy 
Complications associated with orbital injection of anesthesia 
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A Injection site 





Figure 13-1 Retrobulbar block. A 1.25-inch, 25- or 27-gauge needle is inserted at the inferotem- 
poral orbital rim at a point in line with the lateral limbus (A). The needle is advanced tangential 
to the globe and parallel to the bony floor of the orbit, which inclines at an angle of 10° from the 
transverse plane (B1). Once the equator of the globe is passed, the needle is redirected up- 
ward and medially into the muscle cone (B2). Either a transcutaneous (B) or transconjunctival 
(C) approach may be used. (D), The midsagittal plane of the eye should not be crossed because 
the optic nerve lies on the nasal side of this plane. (illustration by Mark M. Miller.) 


After injection, orbital compression is maintained by using manual compression or a 
mechanical compression device (eg, a Honan balloon) to assist in the spread of anesthesia. 
While orbital compression has been used safely for many years, it has been implicated 
as a cause of ptosis and impaired retinal circulation in case reports; therefore prolonged 
compression should be avoided. 

After the injection has been given, an assessment of globe movement and orbicularis 
function is made. If akinesia is inadequate, a supplemental injection may be given. Small 
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rotational movements of the globe are commonly seen. The motor nerves to the 4 rectus 
muscles and inferior oblique access their respective muscle bellies within the muscle cone, 
whereas the trochlear nerve remains outside the cone and enters the superior oblique at 
its superolateral edge. This anatomical difference explains the limited akinesia of the su- 
perior oblique after a retrobulbar block. 


Peribulbar Block 


A peribulbar block involves injection of anesthetic solution within the orbit, but outside 
the muscle cone. A 1-inch, 25- or 27-gauge, blunt-tipped (Atkinson) or sharp disposable 
needle is inserted in the same transcutaneous or transconjunctival location as described 
for a retrobulbar block (Fig 13-2). The needle is advanced tangential to the eye with pen- 
etration 3-4 mm posterior to the equator of the globe. After aspiration, 4-8 mL of an- 
esthetic solution is injected slowly. Akinesia of the orbicularis muscle can be achieved 
by injecting 1-2 mL of anesthetic into the lower eyelid anterior to the orbital septum. 
Pressure is applied to the eye by using manual compression or a mechanical compression 
device. Globe motility and eyelid function are evaluated after 10-20 minutes. 

If necessary, an additional injection may be made in the upper eyelid at a point mid- 
way between the medial canthus and supraorbital notch at a point in line with the medial 
limbus. The needle is advanced tangential to the globe to the equator, and an additional 
2-3 mL of anesthetic solution is injected after aspiration. Only 15%-20% of peribulbar 
blocks require an upper eyelid injection to supplement a lower eyelid injection. There is a 
greater risk of ptosis and scleral perforation with upper eyelid injections. 

Many surgeons have abandoned the retrobulbar block in favor of the peribulbar block. 
The major advantage of the peribulbar block over the retrobulbar block is the reduced 
risk of rare yet serious complications such as retrobulbar hemorrhage, scleral perforation, 
central nervous system anesthesia, and optic nerve damage. In patients with high myopia 
and an increased axial length, which may increase the risk of globe perforation with more 
posterior injection, it is prudent to use topical anesthesia, peribulbar block, or general 
anesthesia rather than a retrobulbar block. The disadvantage of the peribulbar technique 
is a slower onset of anesthesia, the need for a larger total volume of injected anesthetic 
solution, and the frequent requirement for supplemental injections. 


Parabulbar Block 


A parabulbar block (sub-Tenon block) entails injection of anesthetic solution into the an- 
terior intraconal space by using a blunt cannula after dissection into the sub-Tenon space. 
After administration of a topical anesthetic, an incision is made through conjunctiva and 
Tenon capsule. A blunt metal or flexible cannula is introduced into the sub-Tenon space, 
and the tip is passed posteriorly beyond the equator of the globe (Fig 13-3). Local anes- 
thetic solution is injected; the degree of akinesia and anesthesia is proportional to the vol- 
ume of anesthetic used. Disadvantages of this technique include an increased incidence of 
conjunctival chemosis and hemorrhage, risk of damage to the vortex veins, and occasional 
need for anesthetic supplementation. 
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A Injection site 
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Figure 13-2 Peribulbar block. A 1-inch, 25- or 27-gauge needle is inserted at the inferotemporal 
orbital rim at a point in line with the lateral limbus (A). B, The needle is advanced tangential to 
the globe and parallel to the orbital floor with penetration 3-4 mm posterior to the equator. C, If 
necessary, an additional injection may be made in the upper eyelid at a point midway between 
the medial canthus and supraorbital notch. D, The needle is advanced tangential to the globe 
to the equator. (Illustration by Mark M. Miller.) 


Figure 13-3 Parabulbar block. A blunt metal 
or flexible cannula is introduced into the sub- 
Tenon space and passed posteriorly beyond 
the equator of the globe. (Illustration by Mark M. 
Miller.) 
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General Anesthesia 





In the elderly population, the advantages of regional anesthesia usually outweigh those of 
general anesthesia for the performance of safe and comfortable surgery in a cost-effective 
manner. While the incidences of death and major complications are similar for general 
and regional anesthesia, general anesthesia has been reported to produce more postopera- 
tive nausea and vomiting, intraoperative oxygen desaturation and hemodynamic fluctua- 
tion, and initial postoperative pain. Therefore, it is prudent to avoid, if possible, general 
anesthesia in patients with severe cardiovascular or pulmonary disease. 

General anesthesia in ophthalmology is typically used in pediatric strabismus surgery 
and lengthy vitreoretinal procedures. Additionally, patients who cannot cooperate ade- 
quately (eg, those with tremor, an inability to lie supine, or severe mental or psychological 
impairment) may not be candidates for regional anesthesia in any surgical procedure. Pa- 
tients who have experienced a prior complication with regional anesthesia (eg, retrobul- 
bar hemorrhage, inadvertent intrathecal injection of anesthetic) should have subsequent 
ocular surgery under general anesthesia. Lengthy ocular procedures (those lasting more 
than 3 or 4 hours) may require general anesthesia or may benefit from the use of low-dose 
propofol, dexmedetomidine, or remifentanil. 

Table 13-6 lists advantages and disadvantages of general anesthesia. General anesthe- 
sia offers the advantages of complete control of the patient, avoidance of complications as- 
sociated with orbital injection, and application to patients in all age groups. Disadvantages 
of general anesthesia include absence of postoperative analgesia, an increased incidence of 
postoperative nausea and vomiting, greater intraoperative cardiovascular and pulmonary 
stress, a risk of malignant hyperthermia, slower immediate postoperative recovery, and 
greater cost. 

The main requirements for general anesthesia in ocular surgery are anesthesia and 
akinesia of the globe and eyelids and control of the IOP (to protect against extrusion of intra- 
ocular contents). A variety of inhalation and intravenous agents may be used to accom- 
plish these goals. Following a smooth induction, a deep level of anesthesia is maintained 
until the wound has been closed. A depolarizing muscle relaxant is commonly adminis- 
tered while the eye is open. Intraoperative use of antiemetics decreases the incidence of 
postoperative nausea and vomiting. 

Ocular complications associated with general anesthesia for eye surgery are usu- 
ally related to coughing and straining during surgery or nausea and vomiting in the 


Table 13-6 Advantages and Disadvantages of General Anesthesia 


Advantages Complete control of patient 
Avoids complications associated with orbital injection 
Applicable to all ages 


Disadvantages Absence of postoperative analgesia 
More postoperative nausea and vomiting 
Greater cardiovascular and pulmonary stress 
Risk of malignant hyperthermia 
Slower immediate postoperative recovery 
More expensive 
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postoperative period. Sudden changes in IOP may lead to suprachoroidal hemorrhage, 
wound dehiscence, or vitreous loss. Most intravenous and inhalation anesthetics used 
in general anesthesia produce a reduction in IOP. The use of nitrous oxide gas should 
be discontinued at least 20 minutes before intravitreal gas injection (SF,, CFs) during 
vitreoretinal procedures. Nitrous oxide rapidly enters the gas bubble, which produces an 
increase in its size and IOP elevation. 


Facial Nerve Blocks 





Contraction of the orbicularis oculi muscle (innervated by branches of the facial nerve) 
causes eyelid closure. Following orbital injection of an anesthetic agent and hyaluroni- 
dase, spread of the agent anteriorly through the orbital septum typically produces akinesia 
of the orbicularis oculi muscle. Therefore, facial nerve blocks are generally not required 
when a retrobulbar or peribulbar block is administered. In the rare cases when akinesia of 
the orbicularis oculi muscle is not achieved, a facial nerve block may prove useful. Vari- 
ous techniques for facial nerve blocks (including the Van Lint block, O’Brien block, and 
Nadbath-Ellis block) have been developed. 


Van Lint Block 


The Van Lint block involves infiltrating anesthesia in the region of the terminal branches 
of the facial nerve. A 1.5-inch, 25-gauge disposable needle is inserted 1 cm lateral to the 
lateral orbital rim (Fig 13-4A). After aspiration, 1-2 mL of anesthetic solution is injected 
deeply on the periosteum. The needle is withdrawn slightly and redirected along the in- 
ferior orbital margin; 1-2 mL of anesthetic is then injected outside the orbital rim. The 


Figure 13-4 Facial nerve blocks. A, Van Lint 
block. B, O'Brien block. C, Nadbath-Ellis block. 
(Illustration by Mark M. Miller.) 
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needle is withdrawn to the original entry site and redirected along the superior orbital 
margin; an additional 1-2 mL of anesthetic solution is injected there. 


O’Brien Block 


The O’Brien block produces akinesia of the orbicularis oculi muscle by anesthetizing the 
facial nerve at its proximal trunk. The condyloid process of the mandible is palpated in 
front of the tragus. At the surgeon’s request, when the patient opens and closes his or her 
mouth, the condyloid process may be felt moving forward under the finger. A 1-inch, 
27-gauge disposable needle is inserted at the center of the condyloid process to the perios- 
teum (Fig 13-4B). After aspiration, 3 mL of anesthetic solution is injected. 


Nadbath-Ellis Block 


The Nadbath-Ellis block involves injection of anesthetic solution in the region where 
the facial nerve emerges from the stylomastoid foramen. The tympanomastoid fissure 
is palpated at the anterosuperior border of the mastoid process, where it fuses with 
the tympanic portion of the temporal bone. The area may be felt as a convexity below 
the external auditory meatus and behind the pinna. A %-inch, 25- or 26-gauge dispos- 
able needle is inserted into the tympanomastoid fissure (Fig 13-4C). After aspiration, 
1-2 mL of anesthetic solution is injected. The injection should be made with the patient’s 
head turned to the opposite side in order to pull the sternocleidomastoid muscle out of 
the area, and with his or her mouth closed to widen the space between the mandible and 
mastoid process. 


Complications of Ophthalmic Anesthesia 





Possible complications of ophthalmic anesthesia include those associated with orbital in- 
jection, the oculocardiac reflex, and malignant hyperthermia. 


Complications of Orbital Injection 


Complications as a result of injection of an anesthetic into the orbit include retrobulbar 
hemorrhage, scleral perforation, spread of anesthetic into the central nervous system, and 
strabismus. 


Retrobulbar hemorrhage 

Retrobulbar hemorrhages vary in severity but generally present with subconjunctival 
hemorrhage, eyelid ecchymosis, proptosis, and elevated IOP. Venous hemorrhages usually 
spread slowly and are limited, while arterial hemorrhages develop rapidly and can be mas- 
sive. Vascular compromise to the optic nerve and retina may result. The incidence of seri- 
ous retrobulbar bleeding has been reported as 0.1%-3%. The IOP should be monitored after 
a retrobulbar hemorrhage. Treatment should be instituted with aqueous suppressants, a 
hyperosmotic agent, and lateral canthotomy and cantholysis as needed. The surgical pro- 
cedure should be cancelled if a serious retrobulbar hemorrhage occurs. 
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Scleral perforation 

In order to minimize the risk of scleral perforation, it is imperative that proper technique 
be used when regional anesthetic blocks are administered. There is a greater risk of globe 
perforation in myopic eyes and with a superior injection, improper needle insertion, and 
use of long (1.5-inch), sharp needles. Scleral perforation is a complication that occurs 
in 1 in 1300 to 12,000 retrobulbar and peribulbar blocks. It may manifest with imme- 
diate ocular pain upon injection, hypotony, poor red reflex, and vitreous hemorrhage. 
The planned surgery should be cancelled if this complication occurs, and immediate 
consultation with a vitreoretinal specialist arranged, to evaluate the retina for tears and 
detachment. 


Central nervous system spread of anesthesia 

A potentially lethal complication of regional anesthetic blocks is the spread of anesthetic 
into the central nervous system (CNS): along the optic nerve dural sheath into the sub- 
arachnoid space, pons, and midbrain. CNS spread of anesthesia should be suspected with 
symptoms of mental confusion, shivering, seizures, nausea or vomiting, dysphagia, sud- 
den swings in cardiovascular vital signs, or respiratory depression. There may be amauro- 
sis, extraocular muscle paresis, and pupillary dilation in the contralateral eye. 

Symptoms of brainstem anesthesia usually develop within 2-30 minutes of retro- 
bulbar injection, and they may last for 30 minutes or several hours. This complication 
emphasizes the need for a standby anesthesiologist when a regional ocular anesthetic is 
administered; a favorable outcome is usually observed when immediate support is pro- 
vided. To prevent the spread of anesthetic into the CNS, deep orbital injection should be 
avoided and the eye should be maintained in primary gaze during the block. When the eye 
is turned upward and inward, the optic nerve and nerve sheath are in a more vulnerable 
position relative to the retrobulbar needle. 


Strabismus 

Strabismus may develop after injection of a regional anesthetic into the orbit. Persistent 
extraocular muscle dysfunction and diplopia is common during the first 24-48 post- 
operative hours, especially when large volumes of long-acting anesthetic agents are used. 
Due to preexisting conditions such as thyroid eye disease, myasthenia gravis, cranial nerve 
palsies, or prolonged visual deprivation from a cataract, permanent strabismus may occur 
if fusion cannot be recovered after disruption by the anesthetic. Animal and human stud- 
ies have demonstrated myotoxicity of local anesthetic agents, particularly when injected 
into muscle bellies. The inferior rectus muscle is most often affected. Persistent diplopia 
may be treated with prism or strabismus surgery. 


Oculocardiac Reflex 


The oculocardiac reflex (OCR) is stimulated when traction on extraocular muscles pro- 
duces vagal effects on the heart via a trigeminal-vagal reflex. Direct pressure on the globe, 
orbital anesthetic injection, and elevation of IOP may also elicit this reflex. Cardiac mani- 
festations of the OCR include bradycardia, ectopic beats, nodal rhythms, atrioventricular 
block, and even cardiac arrest. The OCR is most commonly observed with strabismus 
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surgery, but it may occur with other ocular procedures (eg, enucleation, retinal surgery) 
when either local or general anesthetics are used. Therefore, electrocardiogram (EKG) 
monitoring should be performed continuously during all ophthalmic surgeries. The sur- 
geon should immediately stop manipulating the eye or its muscles when an arrhythmia 
occurs. The OCR fatigues easily, and usually there is little or no activity after a brief pause 
in surgical stimuli. When OCR is severe, it may be treated with intravenous atropine. 


Malignant Hyperthermia 


Malignant hyperthermia is a rare disorder of skeletal muscle metabolism that can be 
triggered by succinylcholine and the inhalation anesthetics halothane, enflurane, and 
isoflurane. Its incidence has been estimated as 1 in 15,000, and patients with muscle ab- 
normalities like strabismus and ptosis are thought to be at greater risk for developing it. 
The disorder is inherited in an autosomal dominant pattern. Before strabismus surgery is 
performed, it is important to inquire about previous anesthetic problems in both parents 
and their families. 

Malignant hyperthermia presents with tachycardia, tachypnea, hypercarbia, muscle 
spasm, severe acidosis, and a rapid rise in body temperature. The ophthalmic surgeon 
should be aware of these early manifestations, as early recognition may be life-saving. 
Upon recognition of malignant hyperthermia, anesthetic agents should be discontinued, 
hyperventilation with oxygen started, and treatment with dantrolene begun. Surgery 
should be terminated as soon as possible, even if the procedure is not complete. 


Key Points 





e The most commonly used topical ophthalmic anesthetic agents are proparacaine 
0.5%, tetracaine 0.5%, and lidocaine 2%-4%. 

e The most commonly used regional ophthalmic anesthetic agents are lidocaine 
2%-4%, mepivacaine 2%, bupivacaine 0.75, and etidocaine 1.5%. 

e Epinephrine (1:1000) and hyaluronidase are often added to regional anesthetic so- 
lutions to enhance activity. 

e Common regional ophthalmic anesthetic techniques include retrobulbar or perib- 
ulbar injection and facial nerve blocks. 

e Potential complications from orbital injection include orbital hemorrhage, scleral 
perforation, CNS spread of anesthesia, and strabismus. 

e General anesthesia in ophthalmology is typically used in pediatric strabismus sur- 
gery and lengthy vitreoretinal procedures, and in patients who cannot cooperate 
adequately for local anesthesia. 
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Self-Assessment Test 





1. A rapid-onset, short-acting anesthetic agent such as lidocaine is frequently 
combined with a long-acting, slow-onset agent such as bupivacaine for regional 
anesthesia achieved by orbital injection. (true or false) 

2. Which agent is routinely added to anesthetic solution to enhance regional 
anesthesia? 

a. hyaluronidase 
b. sodium chloride 
c. atropine 

d. cocaine 

3. When a patient is administered a retrobulbar block, he or she should be in- 
structed to look upward and inward. (true or false) 
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4. Which of the following characteristics would make a patient a poor candidate 
for topical anesthesia? (Choose all that apply.) 
a. dementia 
b. deafness 
c. a strong blink reflex 
d. all of the above 

5. Which patient should have his or her ocular procedure performed under gen- 
eral anesthesia? (Choose all that apply.) 
a. 6-month-old undergoing strabismus surgery 
b. 50-year-old man undergoing a lengthy vitreoretinal procedure 
c. 72-year-old woman undergoing cataract surgery after her prior surgery was 

cancelled due to a retrobulbar hemorrhage during the retrobulbar block 

d. all of the above 

6. During general anesthesia, nitrous oxide should be discontinued at least 20 
minutes before injection of C3Fs or SF, gas into the vitreous cavity. (true or 
false) 

7. It is best to avoid a retrobulbar block in highly myopic eyes with an increased 
axial length. (true or false) 


For preferred responses to these questions, see Appendix A. 


CHAPTER 14 


| 
Hemostasis 


J. Paul Dieckert, MD, MBA 


Hemostasis in ocular surgery is vital to achieving surgical objectives, visualizing impor- 
tant structures, increasing operative safety, and minimizing surgical complications. This 
chapter organizes the subject into 6 key areas: prevention, heating, vasoconstriction, bio- 
chemical enhancement of hemostasis, mechanical tamponade, and embolization. 


Prevention 





In ophthalmic plastic surgery, preoperative control of hypertension and avoidance of as- 
pirin 2 weeks prior to surgery are important measures taken to diminish risk of excessive 
intraoperative and postoperative bleeding. The reverse Trendelenburg position reduces 
venous congestion and may lessen the risk of hemorrhage associated with anesthetic in- 
jection. Hypotensive anesthesia can be an important intraoperative preventative mea- 
sure. In patients with classic hemophilia, intravenous (IV) cryoprecipitate factor VIII has 
been used effectively to prevent hemorrhage during retrobulbar anesthesia and periph- 
eral iridectomy. As citric acid in balanced salt solution causes a 50% increase in bleeding 
times, avoidance of irrigating solutions that contain citric acid is recommended in cases 
of trauma and others in which heavy bleeding is likely. 


Heating 





Cautery, diathermy, and photocoagulation are thermal methods used to achieve homeostasis. 


Cautery 


Cautery, once common in eyelid procedures, involves the application of an electrically 
heated wire to bleeding vessels. The heating induces coagulation of tissue proteins. The 
coagulum then acts as a barrier to further blood flow; coagulation is followed by blanch- 
ing, charring, and tissue contraction. 


Diathermy 


Diathermy, either monopolar or bipolar, achieves heating by passing an electric current 
through the target tissue (Figs 14-1, 14-2, and 14-3). Monopolar diathermy occurs when 


171 


172 èe Basic Principles of Ophthalmic Surgery 


Figure14-1 Bipolardiathermy forceps. (Courtesy 
of J. Paul Dieckert, MD.) 


Figure 14-2 Bipolar diathermy probe. (Courtesy 
of J. Paul Dieckert, MD.) 





Figure 14-3  Monopolar diathermy probe. 
(Courtesy of J. Paul Dieckert, MD.) 





electrical current is passed from an electrode near the tissue to be cauterized to an elec- 
trode elsewhere in the body. Bipolar diathermy occurs when both electrodes are mounted 
on the same device and electrical current passes only through the target tissue. The resis- 
tance of the tissue to the electrical current results in heating of the tissue with subsequent 
coagulation of proteins and the formation of a coagulum that prevents further blood flow. 

Bipolar diathermy is preferred because it restricts the current to an elliptical field 
between 2 electrodes and avoids passage of current with inadvertent heating injury 
to nontarget tissues. Bipolar diathermy is useful for intraocular hemostasis. Monopolar 
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diathermy is used to achieve skin hemostasis and to create full-thickness thermal reaction 
in the choroid and retina during retinopexy. 

Diathermy requires direct visualization of the bleeding vessel and is difficult to 
achieve if diffuse bleeding is present. Excessive diathermy leads to tissue destruction and 
necrosis. Multifunction instruments with combined bipolar diathermy, aspiration, and 
reflux are useful in controlling intraocular bleeding during vitrectomy by minimizing the 
need for multiple instrument exchange. A bipolar diathermy instrument with a tapered 
blunt tip and 23-gauge diameter is useful in trabeculectomy. 


Laser Photocoagulation 


Laser photocoagulation achieves heating by application of laser energy to the target tissue. 
Absorption of the laser energy by the target tissue results in localized heating that creates 
a coagulum and a secondary barrier to blood flow. Endophotocoagulation is applied via 
a handheld intraocular probe. The probe contains a fiber-optic line that directly carries 
the laser energy from a diode or argon laser to the intraocular target tissue. Laser photo- 
coagulation does not require direct contact with bleeding tissue. By aspirating blood, 
raising intraocular pressure (IOP), and applying photocoagulation to the hemoglobin 
within the bleeding vessels, hemostasis can be achieved. The carbon dioxide laser has 
been found useful for hemostasis in orbital surgery. It has also been used effectively to 
prevent bleeding during excision of lymphangiomatous tissue that involves the ocular ad- 
nexa by flash-boiling intracellular water at extremely high temperature and creating a 
thin layer of heat-coagulated tissue in which blood vessels smaller than 1 mm are sealed. 
High-frequency electrical current similarly cuts and fulgurates tissue, and so achieves good 
hemostasis while it simultaneously creates a surgical incision. 


Vasoconstriction 





Vasoconstriction is achieved through the application of epinephrine to the target tis- 
sue. The vasoconstriction induced by the epinephrine diminishes blood flow and allows 
hemostasis to occur. Epinephrine-induced vasoconstriction is restricted to extraocular 
adnexal surgery in the eyelids and orbit and is available in a premixed proprietary prepa- 
ration of lidocaine and epinephrine diluted at 1:100,000 for use in local infiltrative anes- 
thesia. Phenylephrine is added to intraocular irrigating solutions primarily to maintain 
mydriasis. 


Biochemical Enhancement of Hemostasis 





Thrombin is the mainstay of biochemical enhancement of hemostasis. It can be used in 
both intra- and extraocular surgery. Thrombin converts fibrinogen to fibrin, induces 
platelet aggregation, and is nontoxic to the corneal endothelium. It can be used topically 
or intraocularly. A sterile absorbable gelatin sponge (Gelfoam) soaked with thrombin and 
used as a stent in dacryocystorhinostomy is useful for hemostasis and does not have to be 
removed. 
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Intraocular thrombin is very useful in treatment of penetrating ocular injuries. When 
bleeding is encountered, thrombin at 100 units/mL is infused intraocularly via the infu- 
sion line. In diabetic patients, thrombin can cause excessive postoperative inflammation 
and sometimes sterile hypopyon. 

Surgeons who use thrombin intraoperatively should be aware of the potentially lethal 
effect of inadvertent intravenous administration. Rapid death has been the result in an 
animal model after administration of a dose similar to that used in ocular surgery. Care 
should be taken to label or color-code containers of thrombin in order to avoid accidental 
IV injection. Heparin injection prior to and after thrombin injection has been shown to 
prevent the lethal effect in an animal model. 


Mechanical Tamponade 





Mechanical tamponade refers to the direct application of physical force to stanch blood 
flow from a bleeding vessel. Raising IOP is the most common and effective way to me- 
chanically control intraocular bleeding. Increased IOP is translated into increased trans- 
mural pressure of the blood vessel wall that causes collapse or slowing down of blood flow. 
This is readily accomplished by raising the level of the infusion bottle. Elevating the IOP 
risks ocular ischemia and stress to surgical repair of surgical wounds. 

Fluid-gas exchange mechanically achieves hemostasis by elevating IOP via control 
of pump pressure. Intraocular gas has a higher surface tension than intraocular saline 
and impedes blood flow. Fluid trapped behind a gas bubble has a higher concentration 
of coagulation factors, which contributes to hemostasis. Unfortunately, intraocular gases 
can impede visibility during surgery, and so this technique usually is reserved for the last 
minutes of the operation. 

Other intraocular substances can help control intraoperative bleeding. Perfluorooc- 
tane may control intraocular bleeding during vitreoretinal surgery by direct compression 
or concentration of clotting factors near the bleeding site. Silicone oil controls bleeding by 
2 mechanisms: by physical compression and by concentrating clotting factors in a smaller 
space. Silicone oil interferes with other intraocular maneuvers and so is used typically at 
the end of surgery. Sodium hyaluronate mechanically confines blood and enhances visu- 
alization. Unfortunately, it also has mild antiplatelet and anticoagulation properties. 

Gelfoam, Surgicel (oxidized regenerated cellulose), and Avitene (microfibrillar col- 
lagen) are useful mechanical measures to control and confine intraoperative bleeding in 
ocular adnexal surgery. 

Wound closure is a straightforward technique of mechanically controlling intra- 
operative bleeding. Direct compression to bleeding vortex veins is useful in strabismus 
and retinal surgery, in which vortex vein injury can occur. 


Embolization 





Arteriography and embolization with polyvinyl alcohol foam, metrizamide dissolved in 
dimethyl sulfoxide, steel coils, gel foam particles, and n-butyl cyanoacrylate have been 
found to be useful preoperatively in minimizing hemorrhage during excision of orbital 
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lymphangiomas and arteriovenous malformations. Inadvertent injury to the optic nerve 
and retina and spasm of the ophthalmic artery may occur during embolization therapy. 


Key Points 





e The ophthalmic surgeon has available a wide array of preventative, mechanical, and 
pharmacologic techniques to control surgical bleeding. 

e The experienced surgeon takes appropriate measures in a timely fashion to enhance 
results and efficiency in ophthalmic surgery. 
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Self-Assessment Test 





1. Which measures prevent excessive bleeding? (Choose all that apply.) 
a. discontinuance of aspirin 
b. avoidance of nitric oxide in irrigating fluids 
c. hypotensive anesthesia 
d. control of hypertension 
2. What is the major advantage of bipolar diathermy? 
a. focus of heating energy on target area 
b. lack of coagulum production 
c. increased tissue destruction 
d. simultaneous tamponade 
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3. Which of the following accurately describes the use of epinephrine in achieving 
hemostasis? (Choose all that apply.) 
a. may be used in intraocular solutions 
b. shortens duration of infiltrative anesthesia 
c. reduces bleeding by its biochemical enhancement of hemostasis 
d. is a potent vasoconstrictor 
4, What are 2 risks of use of thrombin for hemostasis? 
5. What are 2 methods of creating tamponade in intraocular surgery? 


For preferred responses to these questions, see Appendix A. 


CHAPTER 15 


Suturing and Knot Tying 


Edward J. Wladis, MD 
Paul D. Langer, MD 


Optimal wound closure apposes the separate edges of the wound, thereby providing criti- 
cal physical support to the tissue during the early phases of healing. Meticulous surgical 
technique and proper knot tying enable the clinician to achieve the functional aspects of 
wound closure without distortion of the tissue. 

This chapter describes techniques of simple wound closure, starting with placement 
of a square surgical knot; reviews basic principles for needle handling in suture placement; 
and covers techniques for placement of interrupted, continuous, and mattress sutures. 
(See Chapter 9 for an overview of surgical instrumentation and materials, including su- 
ture characteristics and sutures commonly used in ophthalmic surgery.) 


Simple Square Knot 





Tying a square knot (instrument tie) is a basic suturing skill; success in placing more 
complex sutures largely depends upon mastering this technique. Placing a square knot 
involves the following steps. 


1. The needle is passed through both sides of the wound and pulled until the opposite 
end of the suture is sufficiently short (Fig 15-1A). At that point, in cases of skin su- 
turing, the needle is released, and forceps are used to grasp the long end of the suture 
approximately 3 cm from the wound. The needle holder is then held in the center of 
the wound, just to the right of the suture (for a right-handed surgeon) with the jaws 
closed and pointing away from the surgeon (Fig 15-1B). The first loop of the knot is 
then wrapped around the tip of the waiting needle holder (Fig 15-1C). 

In the setting of intraocular surgery, the technique is similar, although certain 
modifications apply. Specifically, the needle is passed through the tissue, and the 
suture is generally cut with a scissors at this point in order to shorten the suture 
and ensure that it is well-positioned within the operative field. Instead of a needle 
holder, some surgeons prefer to place a tying forceps in the center of the wound; 
however, the position of the instruments remains the same. 





This chapter includes a related video, which can be accessed by scanning the QR code provided in the 
text or going to www.aao.org/bposvideo. 
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2. A second and even third loop can be wrapped around the needle holder, depend- 
ing on the tension of the wound and size of the suture, in order to prevent the 
wound from gaping after the first loops are tied down. (For example, 3 loops may 
be required for 10-0 nylon sutures in the cornea, but only 1 loop is necessary for 
skin closure in the eyelids.) The jaws of the needle holder are then opened and the 
opposite (short) end of the suture is grasped (Fig 15-1D). 














Figure 15-1 Simple square knot. Refer to the text for a description of each part. (illustration by 
Mark M. Miller.) 
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3. The short end of the suture is pulled toward the surgeon and the long end away 
from the surgeon, with sufficient tension to approximate the walls of the wound 
with only slight eversion (Fig 15-1E). Care should be taken to avoid excessive ten- 
sion, as this may result in excessive tissue eversion after healing or in strangulation 
of the tissue with subsequent ischemia and tissue necrosis. The act of 1 or more 
loops being tied down is referred to as a “throw.” 

4. At this point, the surgeon releases the end of the suture held by the needle holder 
and repositions the closed needle holder in the center of the wound, again to the 
right of the suture (for a right-handed surgeon), but now pointing toward the sur- 
geon and the short end of the suture. The long end of the suture is then looped over 
the closed tips of the needle holder (Fig 15-1F). 

5. Again, the jaws of the forceps are opened and the short end of the suture is grasped; 
however, this time the short end of the suture grasped by the needle holder is 
pulled away from the surgeon, while the longer suture end grasped by the forceps 
is pulled toward the surgeon, which tightens the knot (Fig 15-1G). 


The result of this sequence, in which 2 throws are tied down in opposite directions, 
is 1 square knot. When the first throw of a knot consists of 2 loops, the result is termed 
a surgeon's knot; this technique is used when the wound tension would cause the first 
throw of a square knot to loosen. In ophthalmology it is customary to place 3 loops in the 
first throw of the knot when 10-0 nylon is used because of the tendency for 10-0 suture 
to loosen. 

Typically, an additional throw is placed over a square knot or a surgeon's knot to com- 
plete the tie, although in some circumstances, 2 knots (4 throws) or more can be placed if 
unraveling of the knot is a concern. Regardless of the number of knots placed, it is critical 
that each consecutive throw results in the 2 ends of the suture each being pulled from 1 
side of the wound to the opposite side; only in this fashion will the knot be “square? 


Basic Suturing Principles 





When placing sutures, the surgeon grasps the needle near the tip of the needle holder, at 
a point on the needle approximately two-thirds the distance from the needle tip to the 
swaged end (where the suture is attached). The needle should enter the tissue perpen- 
dicular to the tissue (Fig 15-2); such positioning frequently requires slight pronation of 


Figure 15-2 Position of entry for a highly 
curved needle. (illustration by Mark M. Miller.) 
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the wrist. In the case of a highly curved (such as a half-circle) needle, considerable wrist 
pronation may be necessary. The needle is then passed through the tissue by gently rotat- 
ing the wrist in a motion that allows the suture to follow the curvature of the needle and 
slide easily through the tissue; the needle should not be pushed or forced through the tis- 
sue. At the same time, the edge of the wound where the needle is to be passed is grasped 
with forceps in the nondominant hand; the tissue in the forceps is not released until the 
needle is regrasped with the needle holder after the needle emerges from the wound. The 
forceps should not grasp the needle tip as it emerges from the wound, as this will dull 
the needle unnecessarily. 

While the underlying principles governing suture placement are identical for all pro- 
cedures, the requirements of specific types of surgery deserve special mention. 


Corneal Suturing 


In cases that require corneal suturing (as in penetrating keratoplasty), fine forceps (Cas- 
troviejo 0.12-mm forceps) should be used to firmly grasp the tissue without damaging it. 
The 10-0 suture can then be driven beneath the forceps. Optimal technique requires radial 
placement of the needle in the case of a penetrating keratoplasty, and placement perpen- 
dicular to the wound for the repair of corneal lacerations. 

The tension on the corneal sutures determines the ultimate astigmatism found in cor- 
neal transplants and in repair of corneal lacerations. As a result, these procedures require 
technique that creates enough suture tension for sufficient closure but that avoids excess 
tension, which leads to significant astigmatism. Thus, sutures should be tied in a fashion 
that closes the wound with uniform tension but does not create lines of tension on the 
graft (or in a lacerated cornea). All suture sites should be checked with fluorescein testing 
to be sure that there is no leakage from the wound. 


Suturing in Strabismus Surgery 


In strabismus surgery, the goal is to suture a surgically detached muscle back to the under- 
lying sclera. Special care must be taken in these cases to avoid needle penetration of the 
sclera, which in turn might lead to a retinal hole. The potential for this serious complica- 
tion is minimized by the use of a spatula needle. A spatula needle is flat on its underside 
and sharp on its outer edges; this design promotes a needle pass that maintains steady 
depth through tissue, since the bottom surface of the needle is smooth. The needle is 
passed carefully through the sclera with attention directed to a flat-needle approach and 
constant needle depth. 


Common Suturing Techniques 





In ophthalmology, several types of sutures are commonly used in wound closure. The list 
below notes suture type followed by its notable characteristic. 


e simple interrupted suture: standard suture 
e vertical mattress suture: provides greater support 
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e near-far vertical mattress suture: raises subcutaneous tissue 

e horizontal mattress suture: minimizes tension 

e simple continuous (running) suture: allows for rapid closure 

e running horizontal mattress suture: allows for rapid closure and disperses tension 
e buried interrupted subcutaneous suture: minimizes closure tension subcutaneously 
e running subcuticular suture: closes the skin without penetrating the epidermis 


Simple Interrupted Suture 


The interrupted suture is the standard suture, the most basic type of wound closure. To 
place an interrupted suture, the surgeon drives the needle from 1 edge of the wound 
through the underlying deep tissue, across the wound, and then through and out of the 
tissue at the opposite side of the wound. Care should be taken to pass the needle at equal 
depths on both sides of the wound and equidistant from both sides of the wound edge 
(Fig 15-3). The needle can be passed across the wound in 1 bite or, if the pass is difficult, the 
needle can be regrasped after passing through the initial side of the wound and passed 
through the opposite side of the wound in a second bite. Square knots are then placed and 
the ends of the suture are cut; when wound closure is complete, the knots are rotated to the 
same side of the wound. 

Enough interrupted sutures are placed to create adequate strength for secure wound 
closure. Generally, the first suture is placed in the center of the wound, and each sub- 
sequent suture splits the remaining open portion of the wound in half until closure is 
achieved. 


Vertical Mattress Suture 


When greater support is needed to close a wound, vertical mattress sutures may be em- 
ployed (Fig 15-4). The needle should be inserted a short distance from the wound edge 
and driven across the subcutaneous tissue, to exit on the contralateral side at an equally 
short distance from the wound edge. (A wider site of needle insertion creates greater ten- 
sion.) The surgeon should then reload the needle so that it faces the opposite direction, and 
the needle should be inserted on the side from which it just exited. However, the insertion 
should now be more distal to the wound edge than the previous site of exit. The surgeon 
then drives the needle through the wound so that it exits farther from the wound edge 
on the initial side than the initial entry point. The distance between the 2 suture penetra- 
tions on each side of the wound should be identical. The suture ends are then tied on the 
same side of the wound. 





A 
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Figure 15-4 Vertical mattress suture. A, Verti- 
cal mattress sutures may be used to close a 
wound when greater support is needed. B, 
The suture ends are tied on the same side of 
the wound. (lilustration by Mark M. Miller.) 





Figure 15-5 Near-far vertical mattress suture. 
(Illustration by Mark M. Miller.) 





The vertical mattress suture has a strong tendency to evert wound edges, so care 
should be taken not to overtighten the knots, in order to avoid excess eversion and a 
poorly healing wound. In ophthalmology, the vertical mattress suture is most frequently 
used when closing a lacerated (or incised) eyelid margin; it provides strength, and its ten- 
dency to evert prevents the formation of a notch in the eyelid margin. 


Near—Far Vertical Mattress Suture 


In cases in which one wishes to raise the subcutaneous tissue, the near-far mattress suture 
is a useful variation (Fig 15-5). The technique is largely the same as the standard vertical 
mattress suture, but the needle initially is driven distal to the wound and exits proximal 
to the edge on the contralateral side. It then enters on the initial side near the wound edge 
and exits on the second side far from the wound edge, in a “figure-eight” pattern. 


Horizontal Mattress Suture 


The horizontal mattress suture is largely used to minimize wound tension by displacing 
tension away from the wound edge (Fig 15-6). To place a horizontal mattress suture, the 
surgeon enters on 1 side of the wound, drives the needle across the underlying tissue, and 
exits on the opposite side of the wound an equally short distance from the insertion. The 
surgeon then re-enters on the second side laterally, again equidistant from the wound 
edge, and drives the needle back through and out the first side, creating a rectangle with 
the suture. The ends of the suture are then tied on the same side of the wound. 
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C Figure 15-6 Horizontal mattress suture. (lllus- 


tration by Mark M. Miller.) 


Figure 15-7 Running suture. A, Simple continuous 
(running) suture. B, Alternate final knot. (Illustration by 
Mark M. Miller.) 





Horizontal mattress sutures are frequently used when tying bolsters across the upper 
and lower eyelids to close the palpebral aperture temporarily. They are also sometimes 
employed to close scleral tunnel incisions after cataract surgery. 


Simple Continuous Suture 


Simple continuous (running) sutures permit the surgeon to close wounds much more 
rapidly than with other techniques (Fig 15-7A). Essentially, a simple suture is placed in 
the same fashion as an interrupted suture at 1 end of the wound, but in the case of running 
sutures, the thread attached to the needle is not cut. The surgeon places another simple 
suture by returning to the initial side and driving the needle to the contralateral side. No 
knot is tied until the surgeon reaches the termination of the length of the wound. A single 
knot is then placed, using the last loop tied as a suture end. Alternatively, in order to avoid 
distorting the end of the wound, a final bite can be taken in tissue just outside the end of 
the wound; this loop is then tied as a suture end (Fig 15-7B). Proper technique necessitates 
evenly spaced bites and, to ensure an even distribution of wound tension, the adjustment 
of suture tension prior to the tying of the final knot. 

While running sutures save time (as well as suture), they have a greater tendency to 
strangulate or pucker the wound edges. Furthermore, any break along the string (or in a 
knot) can weaken the entire closure, whereas in an interrupted closure only a localized 
weakness would develop after a break. 
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Running Horizontal Mattress Suture 


The running horizontal mattress suture affords the surgeon the benefits of speed and dis- 
persion of tension (Fig 15-8). The surgeon enters on 1 side of the wound, passes the needle 
through the underlying deep tissue, and exits on the contralateral side an equally short 
distance from the point of insertion. The suture is then passed laterally on the second side 
before passage back across the subcutaneous tissue to the first side. The suture is then 
passed laterally on the first side before being passed to the opposite side of the wound. 
This process is repeated until the surgeon reaches the end of the wound; a knot is then 
tied to the final suture loop. 


Buried Interrupted Subcutaneous Suture 


In many cases, subcutaneous sutures are needed to minimize the tension of closure 
(Fig 15-9). To place a subcutaneous suture such that the knot is buried, the surgeon should 
evert the wound edge mildly, and then enter the wound in the dermis, as close to the base 
as possible. The needle is then passed to exit through the dermis superiorly on the same 
side and is passed through the superior dermal edge of the contralateral side at a depth 
equal to that of where the needle emerged from the initial side. The suture should then 
travel to the base of the wound, where it should exit at a depth equal to that of the initial 
needle entry. When the knot is tied, it will lie deep to the tissue closed by the suture. 


Running Subcuticular Suture 


A skin incision can be closed without penetrating the epidermis across the wound by 
means of a running subcuticular suture. The advantage of such a suture is a less conspic- 
uous scar. 

A running subcuticular suture is placed by first entering the skin at a point outside 
the termination of the wound and perpendicular to it; the needle is then passed toward 
the wound edge. The needle emerges just under the skin from 1 side of the wound. The 
needle then enters the opposite side of the wound, just below the skin at the edge of 
the wound, is passed subcutaneously parallel to the skin surface, and exits just below 
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Figure 15-8 Running horizontal mattress su- a nn 
ture. (illustration by Mark M. Miller.) 


Figure 15-9 Buried interrupted subcutaneous 
suture. (Illustration by Mark M. Miller.) 
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Figure 15-10 Running subcuticular suture. A, Subcutaneous bites parallel to the skin surface. 
B, Ends affixed with reinforced skin closures. (Illustration by Mark M. Miller.) 


the skin edge (Fig 15-10A). The needle is placed again at the initial side of the wound, 
just below the skin, at a point directly opposite where it exited. A subcutaneous bite of 
identical length is then taken, parallel to the skin surface, and again the needle exits just 
below the skin. In this fashion, successive bites are taken on alternate sides of the wound, 
always just beneath the skin, with the bites staggered on each side by a distance of 1 
length of a bite. 

At the completion of the wound closure, the final needle bite on 1 side should be passed 
subcutaneously through the wound on the opposite side and then out onto the skin. The 
2 ends of the suture are not tied but simply affixed to the skin with reinforced skin clo- 
sure strips (Fig 15-10B). The suture is pulled out of the wound from 1 end 5-7 days after 
placement. 

Video 15-1 demonstrates basic surgical suturing technique in the management of 
oculofacial disorders. Details of interrupted, running, mattress, and deep buried-knot su- 
tures are shown. 


Q VIDEO 15-1 Basic Suturing Technique (07:41) 


Courtesy of Richard Caesar, MPPB, FCOphth 





Key Points 





e Proper suture technique supports incisional edges during the early healing phases 
to facilitate more rapid healing with less scarring. 

e The square knot may be placed with additional loops in the first throw (a “surgeon's 
knot”) to allow stability against wound tension and the tendency of microscopic 
suture to slip when looped only once. 
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e Correct suturing technique includes entering tissue perpendicularly, following the 
curve of the needle, and avoiding grasping of the needle tip. 

e Excessive suture tension may result in wound edge eversion, tissue strangulation, 
and, for corneoscleral incisions, increased astigmatism. 


Dunn DL. Wound Closure Manual. Somerville, NJ: Ethicon; 2005. Available at: http://www. 
uphs.upenn.edu/surgery/Education/facilities/measey/Wound_Closure_Manual.pdf. 
Accessed February 7, 2019. 

Ethicon. Knot Tying Manual. Somerville, NJ: Ethicon; 2005. Available at: http://surgsoc.org.au/ 
wp-content/uploads/2014/03/Ethicon-Knot-Tying-Manual.pdf. Accessed February 7, 2019. 


Self-Assessment Test 





1. Under which circumstances should a surgeon place 2 loops in the first throw of 
a surgical knot? (Choose all that apply.) 
a. always 
b. to prevent loosening of the knot while tying 
c. only in mattress sutures 
d. ina “surgeon's knot” 
2. Which of the following statements are true regarding correct suturing tech- 
nique? (Choose all that apply.) 
a. The needle is grasped at its blunt end to avoid damaging the tip. 
b. The needle should enter the tissue perpendicular to the tissue. 
c. The surgeon should follow the curvature of the needle in passing the suture. 
d. As the needle emerges from the tissue, it should be grasped at its tip to avoid 
tissue damage. 
3. Which of the following statements regarding excessive tension on a corneal 
suture is correct? 
a. It may produce astigmatism. 
b. It may induce wound leakage. 
c. It may be avoided by placing the suture in a radial fashion. 
d. It does not occur with 10-0 nylon. 
4. Which of the following statements regarding the continuous (“running”) suture 
technique are correct? (Choose all that apply.) 
a. It requires less time than interrupted sutures. 
b. It may produce greater wound dehiscence than interrupted sutures if the 
suture breaks. 
c. It is reserved for subcuticular closures. 
d. It may produce uneven wound tension and “puckering.” 
e. It requires more suture material than interrupted suture technique. 


For preferred responses to these questions, see Appendix A. 


CHAPTER 16 


Sa ae ey ge 
Intraocular Fluids 


James P Dunn, MD 


The use of intraocular fluids in anterior segment surgery is essential for providing effective 
working space, control of tissue, appropriate pupil size, and control of surgical instruments 
for the surgeon. This chapter helps the beginning resident understand when, how, and 
why to use these fluids to make cataract and glaucoma surgery safer and more effective. 
While the development of intraocular drugs has revolutionized medical therapy for dis- 
eases such as macular degeneration and diabetic retinopathy, it has increased the potential 
for post-injection endophthalmitis and errors in the compounding of these drugs. 

Intraocular fluids can be classified into 7 categories: ophthalmic viscosurgical devices; 
irrigating fluids; mydriatics and miotics; anesthetics; corticosteroids, antibiotics, and an- 
tifungals; capsular staining agents; and biologic agents, including vascular endothelial 
growth factor (VEGF) antagonists. 


Ophthalmic Viscosurgical Devices 





Viscoelastics, more specifically referred to as ophthalmic viscosurgical devices (OVDs), 
are gel-like materials that protect delicate intraocular structures, maintain space, and allow 
manipulation of crystalline and intraocular lenses. All OVDs share the desirable property 
of pseudoplasticity; that is, they assume a gel-like configuration at low shear rates (such 
as occur during capsulorrhexis or lens cracking) but change to a more liquid solution at 
high shear rates (as occur during phacoemulsification and aspiration). These materials 
are commonly classified as either cohesive or dispersive. Most OVDs are composed of 
hyaluronic acid of varying molecular weight (cohesive) or a combination of hyaluronic 
acid and chondroitin sulfate (dispersive). Hydroxypropyl methylcellulose 2% is another 
dispersive viscoelastic. 

In general, cohesive OVDs are better at maintaining space and are more easily re- 
moved at the conclusion of surgery. However, they are also more easily removed during 
phacoemulsification itself, thereby possibly jeopardizing endothelial cell protection in 
prolonged surgery or in eyes with small anterior chambers (as with hyperopia). Disper- 
sive OVDs are better at coating tissue and may provide more prolonged endothelial cell 





This chapter includes a related video, which can be accessed by scanning the QR code provided in the 
text or going to www.aao.org/bposvideo. 
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protection. However, they are less easily removed than cohesive OVDs because they tend 
to fragment upon removal. Consequently, they may be more likely to induce elevated 
intraocular pressure (IOP) in the first 24 hours after cataract surgery. They are also more 
likely to produce bubbles when injected into the eye, which can compromise the surgeon's 
view. 

There is no “perfect” viscoelastic; the beginning surgeon should try to gain experi- 
ence with both cohesive and dispersive types. Indeed, some surgeons prefer to use both 
types for “high-risk” eyes, such as those with borderline endothelial functioning, dense 
nuclei that require high amounts of ultrasonic phacoemulsification energy for removal, 
or weak zonules. The so-called soft-shell technique involves the injection of a dispersive 
viscoelastic into the anterior chamber (Fig 16-1), followed by a more posterior injection 
of a cohesive viscoelastic. The cohesive viscoelastic pushes the dispersive viscoelastic up 
against the corneal endothelium, where it remains, theoretically, during surgery. 

OVDs are injected into the eye through a small-bore cannula, usually just prior to the 
creation of the corneal or scleral wound. The tip of the cannula should be placed oppo- 
site the site of entry, and the viscoelastic injected so that it fills the anterior chamber and 
forces aqueous out of the eye (Fig 16-2). Underfilling the anterior chamber prior to the 
corneal incision results in a soft eye that tends to collapse and can also result in a wound 
length longer than is desired. Overfilling the anterior chamber steepens the corneal cur- 
vature and can result in an incision length shorter than is desired; it may also worsen 
preexisting zonular dehiscence by stretching weak or damaged zonules. Hydroxypropyl 


Dispersive OVD 





Figure 16-1 Ring of dispersive ophthalmic 
viscosurgical device (OVD) pushed up against 
endothelium by injection of cohesive visco- 
elastic. (Illustration by Mark M. Miller.) 
Dispersive OVD 


Cohesive OVD 
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Figure 16-2 Injection of OVD into the eye through a small-bore cannula. Note placement of the 
cannula tip opposite the site of entry, which injects the viscoelastic so that it fills the anterior 
chamber and forces aqueous out of the eye. (illustration by Mark M. Miller.) 


methylcellulose can also be used to coat the corneal surface, which obviates the need for 
frequent irrigation by the assistant during surgery. 


Cohesive OVDs 


Cohesive OVDs are most useful in maintaining anterior chamber space. They can help 
flatten the anterior lens capsule, which reduces the tendency for the capsular tear to “run 
downhill” and extend peripherally during capsulorrhexis, and should be used liberally 
in this stage of cataract surgery. They can also push away and flatten the capsule, which 
can sometimes fold up, accordion-like, and impair the surgeon's view of the leading edge 
of the capsulorrhexis (Fig 16-3). When a bent needle (as opposed to Utrata forceps) is 
used to perform capsulorrhexis, it is highly recommended that the needle be attached to 
a cohesive viscoelastic syringe. Cohesive OVDs can also helpful in dilating a small pupil, 
in maintaining maximal separation of nuclear sections to facilitate lens cracking, in ma- 
nipulating lens fragments out of the capsular bag for phacoemulsification in the iris plane, 
and in expanding the capsular bag prior to intraocular lens placement. Another useful 
role of cohesive OVDs is in viscodissection: in this technique, subincisional cortex that 
is difficult to remove can be separated from the posterior capsule and pushed into the 
peripheral capsular bag (Fig 16-4), where it can be more safely and easily aspirated after 
placement of the intraocular lens. The use of ultrahigh-viscosity cohesive OVDs such as 
hyaluronic acid 2.3% may be helpful in maintaining intraoperative mydriasis but requires 
special care when being removed in order to prevent phacoemulsification wound burns 
or severe postoperative glaucoma. 


Dispersive OVDs 


On the other hand, the tendency of a dispersive viscoelastic to fragment upon removal can 
be used to the surgeon's advantage if there is a capsular tear or zonular dehiscence; tam- 
ponading the area with a dispersive viscoelastic may allow the surgeon to remove adjacent 
cortex without dragging vitreous into the aspiration tip. 
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Capsule flap folding 
back on itself 


Capsule flap flattened 
out after injection of OVD 





Figure 16-3 Use of OVD to flatten the capsulorrhexis flap. (illustration by Mark M. Miller.) 


Dispersive OVDs may provide more prolonged corneal endothelial cell protection 
than cohesive OVDs, and they are often recommended for cases in which the lens nucleus 
is especially dense (and so which require higher ultrasonic phacoemulsification energy for 
removal), the anterior chamber is shallow (reducing the space between the phaco tip and 
the corneal endothelium), or there is preexisting compromise of the corneal endothelium. 
Periodic refilling of the anterior chamber with a dispersive OVD may provide additional 
safety in prolonged cases. 


Removing OVDs 


OVDs should be removed completely at the end of cataract surgery, because retained vis- 
coelastic will clog the trabecular meshwork and can cause marked elevation in IOP for 
24-48 hours after surgery. Such pressure spikes can cause pain and corneal edema. Some 
surgeons prefer to leave a small amount of viscoelastic in the eye at the end of trabe- 
culectomy surgery to reduce the risk of chamber shallowing in the first 24-48 postopera- 
tive hours. Cohesive OVDs can be removed more quickly than dispersive OVDs, since 
the former tend to coalesce into a large bolus during aspiration. To remove the material 
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Subincisional cortex 





Use of viscodissection to push 
subincisional cortex out of the 
peripheral capsular bag 





Figure 16-4 Viscodissection used to loosen subincisional cortex. (illustration by Mark M. Miller.) 


completely, the surgeon may need to place the irrigation/aspiration tip behind the lens 
implant, or to rock the lens from side to side while she aspirates the material. 

Retained viscoelastic may also cause capsular distension syndrome. In this condition, 
retained viscoelastic between the intraocular lens (IOL) and capsular bag cannot escape 
anteriorly when the capsulorrhexis edge overlaps the anterior IOL surface for 360°. Osmotic 
flow of aqueous into the viscoelastic behind the intraocular lens over time pushes the lens 
forward and causes a myopic shift. The trapped material appears distinctly gray between 
the posterior IOL surface and the posterior capsule, which can make it difficult to focus 
the helium-neon aiming beam if YAG laser capsulotomy becomes necessary. 


Irrigating Fluids 





Irrigating fluid is necessary in phacoemulsification to cool the phaco tip, thus preventing 
wound burn, and also to maintain space and pressure within the eye while aspiration or 
vacuum is in use. The basic intraoperative irrigating fluid is balanced salt solution (BSS). 
The addition of 0.5 mL of epinephrine 1:1000 to the 500 mL of BSS (final dilution of 
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1:1,000,000) helps enhance pupillary dilation and reduce bleeding when lysis of posterior 
synechiae is required. The addition of glutathione may provide better endothelial cell pro- 
tection than BSS alone. Some clinicians recommend using chilled irrigating solution in eyes 
with compromised endothelial function. The surgeon should strive to minimize the volume 
of irrigating solution used during surgery, since the turbulence of flow within the eye may 
damage endothelial cells. The irrigating ports of the phaco and irrigation/aspiration hand- 
pieces should be directed away from the endothelium during surgery. 

Finally, antibiotics such as vancomycin 20 mcg/mL added to the irrigating solution 
have been shown to reduce bacterial load in the anterior chamber at the end of surgery. 
However, there have been no clinical trials that demonstrate a reduction in postoperative 
endophthalmitis with the use of irrigative antibiotics (as opposed to intracameral injec- 
tions), and any potential benefit must be weighed against possible toxicity, including cys- 
toid macular edema and endothelial damage (especially if a dilutional error is made in 
adding the antibiotic). 


Mydriatics and Miotics 





Intracameral mydriatics can be used to supplement or replace dilating drops. Before in- 
jection of viscoelastic, 0.5 mL of preservative-free epinephrine 1:1000 diluted 1:10 with 
BSS may also be injected directly into the anterior chamber for the same purpose. Some 
surgeons advocate the use of a high-concentration epinephrine/lidocaine solution to pro- 
vide anesthesia and to keep intraoperative dilation more consistent and prolonged during 
cataract surgery, particularly in eyes of patients who have taken tamsulosin (Flomax) and 
are at risk for intraoperative floppy iris syndrome (IFIS). Because nonpreserved, bisulfate- 
free epinephrine 1:1000 is acidic enough to damage the corneal endothelium, the solution 
requires buffering; the proper mixture is 3 parts glutathione-fortified balanced salt solu- 
tion to 1 part preservative-free lidocaine 4%, which is in turn mixed 3:1 with preservative- 
free 1:1000 epinephrine. For each anterior chamber injection 0.5-2.0 mL is used. In case 
of shortages of preservative-free epinephrine, preservative-free phenylephrine 1.5% can 
be substituted. 

Intracameral miotics are used in glaucoma surgery to constrict the pupil to facilitate 
creation of an iridectomy, in corneal transplant surgery to help protect the crystalline lens 
during trephination, and in cataract surgery to prevent iris capture of the intraocular lens. 
Miotics can be helpful in identifying vitreous strands that may extend to the wound mar- 
gin after capsular ruptures (Fig 16-5), and they may help reduce the risk of postoperative 
pressure spikes. Miotics are usually unnecessary in routine cataract surgery if the intra- 
ocular lens is completely covered by the anterior capsular rim. Furthermore, miotics are 
potentially pro-inflammatory, and for this reason are best avoided, if possible, following 
surgery for uveitic cataracts. 

The miotics commercially available are acetylcholine 1% and carbachol 0.01%. Both 
are direct-acting parasympathomimetics. About 0.2 mL is an adequate volume for in- 
jection. Acetylcholine causes pupillary constriction within seconds but lasts only several 
hours, while carbachol may take 2-5 minutes to induce miosis but may last up to 24 hours. 
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Vitreous strand to 
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Figure 16-5 Use of intracameral miotics to help identify vitreous incarceration into the wound. 
(Illustration by Mark M. Miller.) 


Both miotics will also reduce IOP. Carbachol will therefore provide more sustained IOP 
control, but it will also result in a small pupil on the first postoperative day, which makes 
visualization of the retina more difficult. Some surgeons use diluted carbachol to reduce 
this postoperative miosis. 


Anesthetics 





Intracameral anesthetics are often used to supplement topical anesthetics in cataract sur- 
gery and provide a small but statistically significant reduction in pain compared to topi- 
cal anesthetic alone. Their use may reduce the discomfort patients can feel when there is 
stretching of the ciliary body, as occurs in conjunction with foot position 1 in phacoemul- 
sification. Preservative-free lidocaine 1% must be used because preservatives may cause 
severe corneal endothelial damage. The use of preservative-free tetracaine also has been 
reported. The injection (no more than 0.5 mL) is usually given prior to injection of the 
viscoelastic. Intracameral lidocaine also enhances mydriasis, even without the addition of 
epinephrine. 
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Corticosteroids, Antibiotics, and Antifungals 





Intravitreous antibiotics and antifungals are usually given only following open globe re- 
pair or as treatment for presumed endophthalmitis. The drug is injected through a pars 
plana incision 3-4 mm posterior to the limbus, with a 30-gauge needle. Typical regimens 
include amphotericin 5-10 mcg in 0.05-0.1 mL, vancomycin 1.0 mg in 0.1 mL, clindamy- 
cin 1.0 mg in 0.1 mL, and ceftazidime 2.25 mg in 0.1 mL. 

Many surgeons now inject antibiotics into the anterior chamber at the conclusion of 
cataract surgery in order to prevent acute postoperative endophthalmitis. A large, ran- 
domized, prospective European study demonstrated a significant reduction in the risk 
of postoperative endophthalmitis following cataract surgery when cefuroxime 1 mg/mL 
was injected into the anterior chamber at the conclusion of surgery. The prophylactic ef- 
ficacy of such antibiotic injection has been corroborated in numerous countries around 
the world, with the use of various antibiotics, most commonly cefuroxime, vancomycin, 
and moxifloxacin. Drawbacks to the use of intracameral cefuroxime include limited ef- 
fectiveness against gram-negative bacteria, enterococci, and methicillin-resistant Staphy- 
lococcus aureus (MRSA), as well as the need for intraoperative preparation of the drug and 
therefore a risk of dilutional errors. Intracameral injections of cefuroxime have been as- 
sociated with postoperative serous retinal detachment and macular edema only rarely, but 
especially when given at inadvertently higher concentrations. Intracameral vancomycin 
0.1 mg/mL has been recommended because it is effective against MRSA, but it, too, has 
been associated with the development of cystoid macular edema as a result of dilutional 
errors. Cases of hemorrhagic occlusive retinal vasculitis (HORV) have been associated 
with intraocular vancomycin. Whether the benefits of intraocular antibiotics outweigh the 
risks remains unproven. Aminoglycosides are toxic to the retina and should not be used 
intracamerally. 

Intravitreous injections of corticosteroids in the form of dexamethasone sodium 
phosphate, triamcinolone acetonide, and the dexamethasone implant have been used to 
help treat or prevent cystoid macular edema due to diabetes, retinal vein occlusion, or 
uveitis; following surgery; and to treat choroidal neovascularization. While a few studies 
have shown considerable benefit, controlled studies are lacking, and so caution is advis- 
able. Triamcinolone acetonide preparations contain various preservatives and inactive 
ingredients that can cause a sterile endophthalmitis. True infectious endophthalmitis has 
also been reported, and sterilization of the conjunctiva with povidone-iodine solution 
prior to intraocular injection is mandatory. Intravitreous dexamethasone (400 mcg in 
0.1 mL) may also be useful in reducing inflammation in cases of gram-positive endoph- 
thalmitis and in combination with intravitreal clindamycin in the treatment of ocular 
toxoplasmosis. 

Diluted and rinsed triamcinolone acetonide has been shown to be safe and effective in 
identifying vitreous prolapse as part of anterior vitrectomy in eyes with capsular rupture at 
the time of cataract surgery. Better identification of vitreous prolapse with this technique 
may reduce the risk of vitreous wick syndrome and retinal detachment after complicated 
cataract surgery. 
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Capsular Staining Agents 





In cases of dense white cataracts, staining the anterior capsule greatly enhances visualization 
of the capsulorrhexis. The dye either can be injected underneath an air bubble and allowed to 
stay in place for 20-30 seconds, and then exchanged for BSS or viscoelastic, or injected without 
air and irrigated out immediately. It often helps to inject a small amount of viscoelastic just 
inside the paracentesis before injecting the air bubble; the viscoelastic helps keep the air bubble 
inside the eye as the dye is injected. Small pupils must be dilated prior to injection of the dye, 
as only the exposed anterior lens capsule will take up the stain. Indocyanine green 0.5% was 
first used by surgeons for this purpose, although such usage is not approved by the US 
Food and Drug Administration (FDA). Trypan blue is more effective than indocyanine green. 

Although trypan blue is commercially available as an FDA-approved 0.06% solution, 
concentrations of up to 1% have been used. Potential complications of trypan blue injec- 
tions include inadvertent staining of the vitreous and posterior capsule in eyes with com- 
promised zonules, the results of which can be loss of the intraoperative red reflex (which 
can take up to 10 days to clear) as well as retinal toxicity. Toxic anterior segment syndrome 
has been attributed to the use of compounded trypan blue. Using only the FDA-approved 
formulation and injecting a dispersive viscoelastic to prevent migration of the dye poste- 
rior to the lens equator, or staining the capsule underneath a large amount of viscoelastic 
using a “windshield wiper” technique (Video 16-1), may reduce potential toxicity. Testing 
of trypan blue-stained human lens capsules in vitro has shown increased capsular stiff- 
ness (compared to unstained capsules), especially in eyes from diabetic patients, but the 
clinical significance of this finding is unclear. 


Courtesy of Bryn Burkholder, MD 


by 


Q VIDEO 16-1 Anterior Capsular Staining (00:48) 





An Ophthalmic Technology Assessment report from the American Academy of Oph- 
thalmology found good evidence to support the use of capsular dye staining in pediatric 
and white cataracts but emphasized that its benefit in less severe adult cataracts remains 
unproven. Nonetheless, many senior surgeons find it extremely useful for beginning resi- 
dent surgeons who are first learning to perform capsulorrhexis. 


Vascular Endothelial Growth Factor Antagonists 





Intravitreal injections of anti-VEGF agents such as aflibercept, bevacizumab, and ranibi- 
zumab are often used in the treatment of exudative macular degeneration, macular edema 
following retinal vein occlusion, diabetic macular edema, and neovascular glaucoma. The 
systemic safety profile appears excellent. However, rare local adverse events include acute 
glaucoma, vitreous hemorrhage, retinal detachment, and endophthalmitis (0.02%-0.2% per 
injection). The injections should always be done under sterile conditions with use of an 
eyelid speculum (or manual retraction of the lids by an assistant) to keep the lashes away 
from the injection site, and the eye should be treated immediately beforehand with topical 
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povidone-iodine 5%. Routine use of fluoroquinolone drops prior to injection actually may 
increase the risk of endophthalmitis through selection of resistant organisms. 


Compounding Intraocular Drugs 





Compounding errors (dilutional or contamination) become of increasing concern as cost 
control efforts compete with drug availability and patient safety issues. Drug, dosage, 
expiration date, and volume should be confirmed by both the injecting physician and 
the nurse or technician prior to any intraocular injection. While legal issues regarding 
compounding pharmacies are changing rapidly, the guiding principle is that the ophthal- 
mologist should always have the highest assurance that any compounded drug is free of 
contamination or impurities before it is used. 


Key Points 





e Intraocular fluids can be classified into 7 categories: ophthalmic viscosurgical de- 
vices; irrigating fluids; mydriatics and miotics; anesthetics; corticosteroids, antibiot- 
ics, and antifungals; capsular staining agents; and biologic agents, including vascular 
endothelial growth factor (VEGF) antagonists. 

e OVDs are composed primarily of hyaluronic acid with or without chrondroitin sul- 
fate and are commonly classified as either cohesive or dispersive. Cohesive OVDs 
fragment less, are better for maintaining space in the eye, and are more easily re- 
moved. Dispersive OVDs fragment more and provide better coating of the corneal 
endothelium but are more difficult to remove from the eye. 

e Injection of any intraocular fluid carries a small risk of endophthalmitis; as with 
any drug, clinicians should obtain such solutions from a reputable source when 
compounding is necessary. 

e Intracameral miotics acetylcholine and carbachol may be used to identify vitreous 
strands, protect the lens in penetrating keratoplasty, facilitate iridectomy, and pre- 
vent iris capture of the intraocular lens. 

e Corneal endothelial damage may be reduced by the use of preservative-free intra- 
cameral solutions and by the addition of glutathione to irrigating solution. 

e Anterior chamber irrigation with antibiotics such as cefuroxime may reduce 
the risk of endophthalmitis, but extreme care is necessary to prevent dilutional 
errors. 
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Self-Assessment Test 





1. Name the primary component of most ophthalmic viscosurgical devices 
(OVDs). 

2. Advantages of cohesive OVDs compared to dispersive OVDs include which of 
the following? (Choose all that apply.) 
a. ease of removal 
b. better protection of corneal endothelium intraoperatively 
c. more effective space maintenance 
d. less likelihood of “dragging” iris or vitreous out of incision 


198 e Basic Principles of Ophthalmic Surgery 


3. Why should OVDs be completely removed at the close of surgery? (Choose all 
that apply.) 
a. to avoid postoperative IOP elevation 
b. to prevent endothelial toxicity 
c. to prevent macular edema 
d. to prevent vitreous hemorrhage 
4. Corneal endothelium injury during intraocular irrigation may be reduced by 
which of the following? (Choose all that apply.) 
a. directing the irrigation port away from endothelium 
b. limiting the use of intraocular antibiotics 
c. the addition of intraocular glutathione 
d. the use of chilled irrigating fluid 
5. Name 3 uses for intraoperative miotics. 


For preferred responses to these questions, see Appendix A. 
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The ophthalmologist in training should be cognizant of the specific issues and precau- 
tions that are necessary to ensure the safety of the patient during ophthalmic surgery. 
This chapter discusses 5 major areas of patient safety in the ophthalmic operating room: 
infection prophylaxis, surgery on the incorrect eye, improper intraocular lens insertion, 
medication errors, and iatrogenic fires in the operating room. Systematic practices can 
prevent these and other errors from occurring. The recommendations in this chapter are 
guidelines for patient safety and should not be construed as a “standard of care.” Surgeons, 
hospitals, and operating rooms may differ in individual approaches, documentation, de- 
tail, and scope of their safety protocols and procedures. The content of this chapter is in 
no way intended to substitute for or replace local institutional policies. (See the references 
at the end of this chapter for further reading.) 


Infection Prophylaxis 





Prophylaxis against infectious endophthalmitis after cataract and other intraocular sur- 
gery is an important patient safety issue. Some potential risk factors include older age, ac- 
tive blepharitis, a leaky incision, and communication between the anterior and posterior 
chambers (eg, posterior capsular tear). Prophylaxis with topical povidone-iodine 5% in 
the conjunctival cul-de-sac is generally recommended. There is also evidence that sup- 
ports the use of a bolus of intracameral antibiotic at the conclusion of surgery, but there 
is only weak evidence to support the use of subconjunctival antibiotics. As an alternative, 
topical antibiotics given on the day of surgery may be a reasonable practice option. Un- 
fortunately, due to the low incidence of endophthalmitis, there is insufficient evidence to 
support any specific type, route, or dose of antibiotic for infection prophylaxis for cataract 
surgery. The use of intracameral vancomycin, however, is discouraged due to recent re- 
ports of hemorrhagic occlusive retinal vasculitis (HORV). 


Surgery on the Incorrect Eye 





Surgery on the incorrect eye is the most feared but, fortunately, the most preventable med- 
ical error in the ophthalmic operating room. Wrong-site surgery is not unique to oph- 
thalmology; it is a significant medical, legal, and public relations problem that affects all 
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surgical specialties. The wrong-site error is usually the result of a system or process failure 
in patient identification, confirmation, or verification of the site of surgery. These types 
of errors are preventable if the appropriate precautions are taken routinely. From 1985 
to 1986, the Physician Insurers Association of America reported 331 closed claims for 
wrong-site surgery. The Joint Commission on Accreditation of Healthcare Organizations 
(JCAHO) reported that wrong-site surgery (1995-2001) was one of the top 10 reported 
medical errors (n= 152). The first JCAHO Wrong Site Surgery Summit was in 2003, and 
by 2004 a Universal Protocol was established. A Targeted Solutions Tool project was re- 
cently launched to help institutions identify and target the barriers to excellent perfor- 
mance, including preventable causes of wrong site surgery. Interestingly, the study found 
that in 39% of cases the root cause of error was in the surgical booking process. After 
having taken part in this project, the institutions reduced booking, preoperative, and op- 
erating room errors, and this improvement was statistically significant. JCAHO continues 
to collect reports of wrong-site, wrong-patient, wrong-procedure events (www.jcaho.org). 
Surgery on the wrong eye (eg, enucleation) can be particularly devastating if the fellow 
unoperated eye still requires surgery despite the sound eye having been removed. 

Common causes for wrong-site surgery include poor communication between the 
surgeon and the patient, inadequate communication among members of the surgical 
team, reliance upon memory for the site identification, inadequate preoperative assess- 
ment of the patient, and insufficient or inaccurate verification procedures of the operative 
site. Due to issues such as language barriers, cognitive impairment, or anxiety about the 
procedure, patients might not identify the surgical site accurately during the informed 
consent process, in the preoperative area, or during the surgical marking of the site. Surgi- 
cal team members and ancillary personnel might not properly verify the site of surgery or 
might rely too heavily upon the surgeon to make the correct decision. It has been docu- 
mented that members of the surgical team in some wrong-site cases feared pointing out the 
error to the operating surgeon. 

Additional contributory factors in wrong-site surgery include involvement of more 
than one surgeon, performance of multiple procedures on the same patient, time pressure to 
complete the preoperative procedures quickly, physical deformity or morbid obesity that 
might alter the usual setup of equipment or positioning of the patient, distractions during 
the identification process, and failure to confirm the site. 

In order to prevent wrong-site surgery, the verification process for the operative site 
should be performed consistently and routinely, and should include: 


e formal written procedures and protocols for surgical team members to identify and 
confirm the operative eye. (Surgeons should review their individual hospital or op- 
erating room protocols periodically.) 

e informed consent form that clearly and explicitly states the operative procedure and 
the operative eye and avoids the use of potentially confounding abbreviations (eg, 
OD, OS, IOL) 

e review of the chart, the preoperative orders for pupil dilation, the regional anesthe- 
sia orders, and the surgical preparation site by the nurse, anesthetist, resident, fel- 
low, and other surgical team members. (All team members should be in agreement.) 


CHAPTER 17: Patient Safety Issues è 201 


e verification with the patient (or patients family, if the patient is unable to respond 
or is a minor) prior to pupillary dilation, delivery of anesthetic, surgical preparation 
and drape, and the incision 

e oral verification of the correct operative site by multiple members of the surgical 
team 

e availability of the medical record, with explicit written documentation of the opera- 
tive site, in the operating room 

e availability and review of the pertinent imaging studies in the operating room 

e marking of the operative eye (eg, use of a marking pen by the surgeon to note his 
or her initials at the site) 

e review of the written verification checklist of all documents that reference the in- 
tended operative procedure and site (eg, the medical record, preoperative dilation 
and surgical preparation orders, the imaging studies and their reports, the informed 
consent document, the operating room record, the anesthesia record, and direct 
observation of the marked operative site on the patient) 

e in the case of enucleation, evisceration, or exenteration, the surgeon should per- 
form a final additional verification of the preoperative pathology (eg, intraocular 
tumor) in the operative eye by direct examination (eg, dilated fundus exam in the 
operating room) 

e signature confirmation of completion of the checklist to ensure that all of the above 
intraoperative steps have been performed 

e a final confirmatory check by the surgeon in the operating room before the incision 
is made 


In 2003, the AAO and 50 other professional health care organizations endorsed the 
Joint Commission's “Universal Protocol for Preventing Wrong Site, Wrong Procedure, and 
Wrong Person Surgery” (hereafter referred to as “Universal Protocol”). Key points of the 


document include: 


e completing a preoperative verification process 

e marking the operative site 

e taking a time-out immediately before starting the procedure 
e adapting these requirements to non-operating room settings 


The AAO Wrong-Site Task Force, Hoskins Center for Quality Eye Care, further speci- 
fied that a detailed plan of the surgery could be recorded in a patient’s chart prior to the 
day of surgery. The information should also be communicated to the surgery staff prior 
to surgical intervention. 

Simon et al performed a retrospective study of 106 cases, including 42 from the Oph- 
thalmic Mutual Insurance Company (OMIC) and 64 from the New York State Health 
Department. The most common error was wrong intraocular lens (IOL) placement; this 
occurred in 67 cases (63%). Wrong-eye operations occurred in 15 cases, wrong-eye block 
in 14, wrong patient or procedure in 8, and wrong corneal transplant in 2. The authors 
concluded that if the Universal Protocol had been implemented, 85% of these incidents 
would have been prevented. 
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Incorrect Intraocular Lens Insertion 





In addition to wrong-eye surgery, ophthalmic surgeons must prevent errors related to IOL 
placement after cataract extraction. IOL errors may relate to power, size, or type of lens. 
These errors may lead to a suboptimal postoperative corrected acuity, require additional 
optical correction, or require additional surgery (eg, IOL exchange). In one study of 700 
medicolegal cases in ophthalmology, 154 cases (22%) were related to cataract extraction. 
Of these, IOL errors were the primary issue in one-third of claims. Between 1987 and 
2008, about 220 cases of cataract surgery mistakes were filed with OMIC, and about 80% 
of those involved wrong power, wrong measurement, or wrong IOL implantation. OMIC 
has also made physicians aware that state medical board investigations may be instigated 
by reports from surgery centers or hospitals, and that action may be taken even when the 
patient is satisfied with the care and result of surgery. 
Numerous errors may contribute to an incorrect IOL insertion: 


e use of an outdated or inaccurate IOL power calculation formula 

e use of the incorrect A-constant in IOL power calculation formula 

e incorrect axial length (biometry) or keratometry measurements for IOL power 
calculations 

e transcription or data entry errors in the IOL power calculation program 

e surgeon's inappropriate selection of postoperative refractive target or IOL style 

e calculation of IOL insertion for the incorrect patient or incorrect eye 

e insertion by the surgeon of an incorrect IOL for the patient (eg, wrong patient, pa- 
tients with the same or similar name undergoing surgery on the same day, wrong 
eye, wrong procedure) 

incorrect labeling or packaging of the IOL by the manufacturer, or a defective IOL 


In one study (n= 154) of cataract surgery IOL-related errors, 54% were due to errone- 
ous axial length measurement, 38% were anterior chamber depth estimation errors, and 
8% were corneal power measurement errors. Errors in IOL manufacturing, packaging, or 
labeling represented less than 1% of the total errors. In order to prevent IOL-related er- 
rors, the surgeon or appropriate team member should consider the precautions shown in 
Table 17-1. 


Minimizing Medication Errors: Communication 
About Drug Orders 





Medication errors are preventable events that may threaten patient safety in the operating 
room. In 1999, the Institute of Medicine of the National Academies reported that 44,000 
to 98,000 deaths occur each year in the United States from medical errors; medication 
errors constitute a significant proportion of these cases. Since then, multiple efforts have 
been made to accurately report preventable deaths throughout the medical system. How- 
ever, a standardized national reporting system is not available. A Department of Health 
and Human Services study of individuals covered by Medicare estimated that preventable 


CHAPTER 17: Patient Safety Issues è 203 





Table 17-1 Precautions for IOL Procedures 


In order to prevent |OLrelated errors, the surgeon or appropriate team member should consider 
the following precautions: 


1. Ensure that technicians are adequately trained in the techniques for determining biometry 
and keratometry measurements; perform periodic technician quality control checks. 

2. Perform periodic calibrations of the ultrasound A-scan unit and keratometer. 

3. Take measurements (eg, axial lengths, keratometry) in both eyes for comparison (internal 
control) and to identify outlying values. 

4. Repeat the taking of measurements for difficult or complex cases (eg, high myopia, 
asymmetric refraction) to document the reproducibility of the results. 

5. Confirm by repeated measuring results that appear unexpectedly high or low. 

6. Review preoperative biometry and keratometry results. (surgeon) 

7. Maintain a written IOL calculation checklist that contains patient information, keratometry, 
axial length, and primary and alternate IOL power, style, and size. (surgeon) 

8. In the operating room, check actual IOL information directly against the IOL calculation 
checklist information. (surgeon) 

9. Show the IOL label and verbally confirm the IOL model number, expiration date, and power 
as the lens is passed to the surgeon for implantation. (circulating nurse, scrub nurse, surgical 
assistant, with confirmation by the surgeon) 

10. Perform a final visual inspection of the IOL under the microscope for any lens defects or 
deposits. (surgeon) 





errors contributed to 15,000 patient deaths in a single month in 2008. These prevent- 
able errors were often linked to medical errors, inadequate monitoring of patients, and to 
medication errors. Common medication errors include incorrect administration (type, 
dose, or route); inaccurate product labeling, packaging, and nomenclature; and inaccurate 
compounding, dispensing, or distribution. 

Like wrong-site surgery, medication errors are a common cause of malpractice claims; 
according to the Physician Insurers Association of America database in 1992 (n=117,000 
claims), medication errors were the second most common cause for a claim. However, in 
2004 the Physician Insurers Association of America malpractice claims data (1985-2000) 
showed that medication error was the third most common cause of negligent claims. In 
data from OMIC, claims for medication errors are costlier than the average claim and 
more likely to result in indemnity payments. 

Factors that might contribute to medication errors include: 


e incomplete, inaccurate, or unreviewed patient information (eg, known allergies, 
complete list of medications, complete medical history, complete surgical history, 
laboratory or radiographic results) 

e incomplete or unavailable drug information (eg, lack of up-to-date warnings, prod- 
uct information, or drug interactions) 

e use of standing preoperative or postoperative orders without physician review of 
patient allergies, potential drug interactions, or duplication of medications 

e use of standing orders to “continue preoperative medications” without physician 
review of existing medication list for allergies, indications, contraindications, drug 
interactions, or adverse effects 
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miscommunication between surgeon and other members of the surgical team (eg, 
nurse, technician, or pharmacist) regarding drug orders (eg, rushed communica- 
tion, not hearing the complete order, not reading back verbal orders, insertion/ 
deletion of words like “with” or “without” in the medical orders) 

illegible handwriting, confusing letters (eg, lowercase letter “I” and the number “1,” 
letter “o” for number “0,” or letter “z” for number “2”) 

confusion of drugs with similar-sounding or similar written names or packaging. 
These medications should be identified as “high risk,” labeled with trade and generic 
names, and should not be stored in close proximity. Examples of ophthalmic and 
systemic medications that might be confused and that have been reported to the 
United States Pharmacopeia include the following (brand names are capitalized): 
— atropine and Akarpine 

— Betagan and Betoptic 

— Betoptic and Betoptic S 

— erythromycin and azithromycin 

— Murocel and Murocoll-2 

— Ocufen and Ocuflox 

— Ocufen and Ocupress 

— Refresh (lubricant eye drops) and ReFresh (breath drops) 

— TobraDex and Tobrex 

— Voltaren and tramadol 

— Voltaren and Ultram 

misuse or misinterpretation of zeroes and decimal points in drug dosing 
confusion of metric and English system units in dose 

use of illegible, inaccurate, or inappropriate abbreviations 

inaccurate or inappropriate labeling as a drug is prepared and repackaged into 
smaller units or into different delivery instruments (eg, mislabeled syringes) 
environmental factors (eg, poor lighting, heat, noise, interruptions) that can dis- 
tract health professionals from their medical tasks 

failure to follow institutional/facility policies and procedure, including failure to 
identify and address computer alerts (ie, overriding alerts without reason) 
presence of medications that may be safe in one route (eg, topical or subconjuncti- 
val) but devastating if administered via a different route (eg, intraocular injection 
of gentamicin, which can cause macular infarction) 

lack of confirmation of medication order and verification of dose, route, and medi- 
cine prior to administration of drug 

failure to educate and inform the patient about the medication name, dose, admin- 
istration, and duration of treatment. 

when electronic medical records are used, failure to update the pharmacy informa- 
tion, which may lead to patients never getting their medications 


Table 17-2 lists procedures that help minimize the possibility of medication errors. 
Institutions are encouraged to maintain a systemwide culture that promotes error 
reporting and identification of high-risk behaviors in order to prevent medication errors. 
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Table 17-2 Procedures That Help Minimize Medication Error 


1. Completion and review of medication list in the chart 

2. Careful review of all relevant patient information by the surgeon (eg, confirmation of patient’s 
name, date of birth, known allergies; complete list of medications; complete medical history; 
complete surgical history; and laboratory or radiographic results). Confirmation of this 
information with the patient. 

3. Avoidance of the use of “standing orders” to “continue preoperative medications” without 
review of medication list, indications, allergies, and doses 

4. Explicit communication between surgeon and other members of the surgical team (eg, nurse, 
technician, pharmacist) regarding drug orders, including digit-by-digit repetition of dose (ie, 
two-three rather than twenty-three) 

5. Legible handwriting or use of block letters; avoidance of abbreviations and Latin; complete 
spelling of drug names, route, and dosage; and avoidance of inappropriate or illegible 
decimal points in dosage orders 

6. Use of leading zero before decimal points (eg, 0.1) and avoidance of use of trailing zero after 
decimal point (eg, 5. rather than 5.0) 

7. Complete adherence to institutional, hospital, and facility policies and procedures regarding 
labeling of all medications, containers (eg, syringes), and solutions 

8. Discarding of unlabeled solutions or medications in the operating room 

9. Instituting “forcing functions” that eliminate the presence of medications from the surgery 
table that may be safe in one route but unsafe via a different route (eg, gentamicin, cytotoxic 
agents, and hypertonic saline) 

10. Review of patient allergies prior to administration of drug 

11. Individual verbal and written confirmation of medication orders and verification of dose, 

route, and medicine prior to administration 





This can be done by motivating staff with positive feedback and rewards and by ensur- 
ing that they can communicate concerns about medications and orders without fear of 
reprimand. 


Preventing Surgeon-Related Fire in the Operating Room 





Most hospitals and operating rooms have internal policy and procedure manuals regard- 
ing fire prevention and safety. Hart et al describe common misconceptions about operat- 
ing room (OR) fires, including “(1) OR fires do not happen in today’s hospitals; (2) if fires 
do occur, they were not preventable; (3) fires only occur at inferior facilities; and (4) all 
staff in the OR know what to do if a fire occurs.” The Anesthesia Patient Safety Founda- 
tion (APSF) and the Emergency Care Research Institute (ECRI) released in 2011 the New 
Clinical Guide to Surgical Fire Prevention; among specific fire-reduction strategies found 
there are: 


e recommendations for open oxygen delivery during procedures on the head, face, 
neck, and upper chest 

e recommendations for the use of supplemental oxygen during procedures on the 
head, face, neck, and upper chest 

e recommendations for implementing a preoperative time-out to assess fire risk po- 
tential for every patient for every procedure 
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The surgeon in training should be familiar with these rules and regulations, since oph- 
thalmic surgery is often classified as high risk for fire. (Surgery is considered high risk for fire 
when these three conditions are present: the surgery takes place above the patient’s xiphoid, 
an ignition source is present, and supplemental oxygen is used. Ophthalmic operations com- 
monly involve all these factors.) In 2002 the Massachusetts Department of Public Health re- 
viewed incidents of fire in the operating room and identified 3 key elements necessary for 
combustion: an oxidizer, a fuel source, and an ignition source. Although a patient may 
require oxygen in the operating room, an oxygen-enriched environment is a major factor in 
many surgical fires. In an oxygen-enriched or nitrous oxide-enriched environment, surface 
fibers (eg, fabric, body hair, vellus hair) can flash (propagate flames) and then ignite more- 
combustible fuels at the edge of the initial surface. 

The patient’s health status should be reviewed carefully and the requirement for oxy- 
gen should be documented and confirmed as necessary. Oxygen and nitrous oxide levels 
can build up under surgical drapes, but tenting of the operative drape (eg, with a Mayo 
stand) may allow the oxygen to dissipate and gravitate toward the floor. Oxygen can also 
build up from leakage around endotracheal tube cuffs. 

Ophthalmic surgeons should avoid, if possible, creating an “oxygen tent” that could 
allow unnecessary buildup of oxygen. A spark or other ignition source can precipitate a 
fire in this highly oxygen-enriched environment. The risk for these fires can be reduced 
by preparing and exposing the patient's full face and using nasal cannula oxygen to allow 
the oxygen to dissipate more rapidly. 

Cautery units and lasers may act as an ignition source and are more hazardous with 
oxygen in use because of the lowered temperature threshold for ignition. A cautery unit 
should be activated only when the tip is in view of the surgeon and staff and should not 
be allowed to contact drapes or other combustible material. Hot-wire cautery devices 
(Fig 17-1) should not be set down on or near flammable material (eg, gauze or drapes) 
while still hot. A safety holster should be employed for all devices with active electrodes 
and set with the tip pointed away from flammable items. If oxygen must be employed, the 
cautery unit should be used at the lowest temperature setting that achieves therapeutic 
effect. If possible, the oxygen should be stopped for at least 1 minute prior to use of the 
cautery and then restarted after the cautery is completed. Continuous communication 
between surgeon and anesthesiologist is recommended. 

Other potential ignition sources in the operating room include electrosurgical units, 
surgical lasers, fiber-optic light sources, and incandescent or static discharge sparks. Electro- 
surgical or cautery units should be activated only when their tips are visible and should be 
deactivated before the tips are removed from the surgeon's view. 

Combustible substances that may ignite or act as fuel for a fire in the operating room 
(Fig 17-2) include surgical drapes and material (eg, gauze, sponges, adhesive tape, drape, 
hoods, and gown); surgical equipment (eg, plastic or rubber products, anesthesia masks, 
and tubes); operating room ointments, solvents, and solutions (eg, degreasers, petro- 
latum, aerosols, paraffin, wax, alcohol, adhesives, and tincture solutions); and the patient’s 
hair (eg, head hair, eyebrows, mustache, or beard). 
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Figure 17-1 Cautery commonly used by ophthalmic surgeons. A, Cautery unit, hand held, 
commonly used in the ambulatory setting. (Courtesy of Andrew G. Lee, MD.) B, Cautery unit mainly 
used in the surgical suite and under aseptic conditions. (Courtesy of Claudia M. Prospero Ponce, MD.) 





Figure 17-2 Combustible substances that may ignite or act as fuel in an operating room fire. 
A, Solvents and solutions (eg, alcohol, adhesives, tincture solutions). B, Surgical drapes, patient's 
cap and gown. C, Dressings (gauze, sponges, adhesive tape). D, Surgical tubing. (Courtesy of 
Andrew G. Lee, MD.) 
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Consider taking these precautions: 


If the brow is exposed in the surgical field and oxygen will be in use, coat the eyebrows. 
Hair can be made less flammable by coating it preoperatively with water-soluble 
lubricating jelly. 

Volatile solutions (eg, liquid alcohol) should not be allowed to pool in the field, on 
the patient, or in open containers. Sufficient time should be allowed for any topi- 
cally applied solutions (eg, adhesives, tinctures, surgical prep solutions, and oint- 
ments) to dry. 

Alcohol-based surgical preparations may contribute to fires if their vapors are 
trapped the drapes and come into contact with a heat source. 

Patients should be advised preoperatively against use on the day of surgery of skin-, 
facial-, and hair-care products or medications that may contain potentially com- 
bustible substances (eg, alcohol-based solutions). These include skin care creams, 
moisturizers, hair tonics, conditioners, and topical ointments. 


Key Points 





Steps to avoid wrong-eye surgery include formal written protocols for preoperative 
confirmation of correct eye, continuous communication with staff, avoidance of 
abbreviations for proposed operated eye in the consent form, surgeon use of marking 
pen to identify correct eye in the operating room, and final verification of correct 
eye pathology by surgeon's direct examination. 

Incorrect IOL insertion may be caused by faulty power calculations, data transcription 
errors, surgeon judgment errors, and manufacturer labeling errors. 

Steps to avoid medication errors include ensuring presence of and reviewing complete 
and accurate medication list in the chart, avoiding standing orders and abbreviations, 
reconfirming dosage digit by digit between surgeon and medical team members, and 
eliminating potentially unsafe medications from the surgical suite. 

Causes of operating room fires include an oxygen-enriched environment (under 
surgical drape), contact of cautery unit with flammables, excess flammable solu- 
tions such as cosmetics, and volatile operating room solutions. 
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Self-Assessment Test 





1. Which of the following are among the highest risk factors for endophthalmitis 
after cataract surgery? (Choose all that apply) 
a. interoperative rupture of posterior capsule 
b. blepharitis 
c. use of eyelash mascara prior to surgery 
d. incompletely sealed surgical wound 
2. Which of the following are recommended procedures to reduce wrong-site/ 
wrong-eye surgery? 
a. marking the side of operative eye 
b. confirming the patient’s name when preparing the patient for surgery 
c. reviewing the consent form and other documents that confirm the surgical 
procedure and operative site 
d. verbally confirming the patients name, procedure, and operative side before 
any incision is made 
e. all of the above 
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3. Which of the following factors can lead to incorrect intraocular lens (IOL) 
insertion? 


ean sp 


incorrect data entry while calculating IOL power 
use of an outdated IOL power calculation formula 
incorrect biometry and keratometry measurements 


. patients with similar names at the medical facility on the same day of surgery 


all of the above 


4. Which of the following are common sources of medication error? 


a. 
b. 


misinterpretation of zeroes and decimal points in writing a drug dose 
miscommunication between the surgeon and other members of the surgical 
team, including the patient 

patient self-medication 


. poor lighting, heat, noise, loud music 


confusion of drugs with similar-sounding or similar written names or 
packaging 
all of the above 


For preferred responses to these questions, see Appendix A. 
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The care of patients undergoing ophthalmic surgery does not end in the operating room. 
Provision of appropriate postoperative care and prompt, effective management of compli- 
cations are critical to successful surgery. Postoperative care is the surgeon's responsibility 
to the patient and should not be relegated to another physician or assistant. 

This chapter describes components of successful postoperative management, including: 


e communicating postoperative instructions to nursing staff and the patient 

e scheduling timely postoperative examinations 

e ensuring properly focused postoperative examinations 

e recognizing and treating common complications 

e knowing when to get assistance from others and how to properly transition care to 
another provider 


Postoperative complications require special attention. If complications are recognized 
early and treated appropriately, most can be managed successfully with an excellent out- 
come. A patient with complications will require more attention because more expertise, 
discussion, and compassion are required than for the patient with uncomplicated surgery 
(see also Chapter 22). If there is a “bump in the road” with a patient, be calm, acknowledge 
the circumstance, and outline a careful treatment plan. 


Postoperative Instructions 





At the conclusion of any procedure the surgeon must write appropriate orders in the 
patient’s medical record and communicate postoperative care issues and instructions to 
the patient and the patient’s family, both verbally and in writing (Fig 18-1). Postoperative 
orders vary from procedure to procedure and from surgeon to surgeon. However, certain 
issues should be addressed in most patients: 


e name of the procedure 

orders to follow the usual discharge or admission procedure of the hospital or clin- 
ics short-procedure unit 

e instructions for body positioning and wound care 

e antiemetic medications 
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Figure 18-1 Communicating postoperative instructions to your patient—and the patient's 
family, if appropriate—is important to successful postoperative management. Other compo- 
nents are timely, focused postoperative examinations and effective management of complica- 
tions. (Image courtesy of National Eye Institute, National Institutes of Health.) 


pain medications 

instructions to advance diet and for discontinuing intravenous fluids 

specific nursing instructions (eg, vision checks, use of ice, use of intravenous 
antibiotics) 

postoperative ocular medications (eg, antibiotic drops) 


Patients (and family, when appropriate) should hear the surgeon's initial impression 
as to the success of the surgery and the plan for postoperative care. This is of paramount 
importance to assure a good outcome. Patients must be instructed as to: 


the appropriate care of surgical wounds and/or dressings 

the timing of postoperative evaluations and the application of medication 

the type and amount of pain to be expected and how to manage it 

activity restrictions 

warning signs or symptoms that require contact with a physician and immediate 
attention 

methods and phone numbers to contact the operating surgeon 


Additional issues related to postoperative care and complications vary depending 
on the type of procedure that was performed. Detailed discussion of specific procedures 
and their complications is beyond the scope of this book. However, a general discussion 
here focuses on the timing of postoperative care and possible complications of 6 broad 
categories of ophthalmic procedures: 


anterior segment surgery 
strabismus surgery 
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e eyelid and orbital surgery 
e vitreoretinal surgery 

e laser surgery 

e intravitreal injection 


Timing of Postoperative Care 





The timing of appropriate postoperative care varies from procedure to procedure. Most 
patients are not examined on the day of the surgery after they leave the operating room. 
A dressing such as an eye patch and shield are applied and then removed by the surgeon 
at the first follow-up visit. However, there are certain circumstances in which a brief post- 
procedure examination should be performed on the day of surgery. These may include: 


e after any type of surgery to check for recovery of motility and eyelid function fol- 
lowing local anesthetic injection 

e after orbital or optic nerve surgery to perform vision check and rule out bleeding 

e after strabismus surgery to perform adjustment of adjustable suture 

e after vitreoretinal surgery with gas injection to check intraocular pressure (IOP) 


After intravitreal injection, it is important to check IOP, ascertain perfusion of the 
retina, and rule out inadvertent perforation of the retina with the needle. Specific sched- 
ules for postoperative care are determined on an individual basis and according to the 
surgeon's judgment and each patient’s needs. The following are approximate guidelines for 
the 6 broad categories of patients. 


Anterior Segment Surgery 


Patients who undergo cataract surgery, glaucoma surgery, or corneal transplantation are 
examined for the first time within 24 hours of the surgical procedure. This initial ex- 
amination is the most critical for ruling out unexpected intraoperative complications, 
measuring the initial level of visual acuity, determining the anatomical success of the pro- 
cedure (eg, position of the iris or intraocular lens, depth of anterior chamber, appearance 
of filtration bleb, position of corneal transplant button), testing the security and watertight 
nature of all surgical wounds, measuring IOP, and looking for early signs of infection. For 
uncomplicated cataract surgery, the subsequent examinations are generally done 1 week 
later (optional) and 1 month after that. 

Endophthalmitis generally presents between the first and seventh postoperative day; 
therefore, if infection is suspected based on initial examination findings or symptoms of 
decreased vision, pain, or redness, follow-up before 1 week would be advisable. 

Examinations of patients undergoing filtration surgery for glaucoma are often per- 
formed more frequently in the first week. These patients may initially have overfiltration 
or leaking wounds that need to be monitored or treated (with patching, bandage, or con- 
tact lens) or underfiltration that needs either to be watched or treated with laser suture 
lysis. Antimetabolites may also be used during this time. If IOP is low, careful examination 
for choroidal detachment is necessary. Patients who undergo microinvasive glaucoma 
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surgery (MIGS) are generally examined on a schedule similar to that of patients who 
undergo routine phacoemulsification: that is, within 1 day and 1 week of the procedure. 

Corneal transplant patients need to be followed closely for evidence of graft failure 
and/or rejection that require specific treatment, lamellar graft dislocation or detachment, 
and the possibility of topical steroid—induced intraocular pressure elevation. 


Strabismus Surgery 


Because strabismus surgery is extraocular, the risk of vision-threatening complications is 
lower than for intraocular procedures. Most strabismus surgeons schedule the first post- 
operative visit between the first day and 2 weeks after surgery. If the patient is not being 
seen on the first postoperative day, however, careful instructions are given to the patient 
or parents of the patient to call if excessive redness, discharge, pain, or swelling develops 
that would suggest infection or if initial alignment of the eyes does not appear satisfac- 
tory. If adjustable sutures are used, the initial examination may be on the same day or first 
postoperative day for suture adjustment. For adults with multiple eye muscles operated, 
there is a small risk of anterior segment ischemia; these patients are examined on the first 
day and in the following weeks for signs of this condition. 


Eyelid and Orbital Surgery 


Eyelid surgery patients are seen within a few days of the procedure provided there are 
no complaints of swelling or unexpected tenderness that would suggest infection. If ad- 
justable suture technique is used or office modification of ptosis surgery is planned, the 
timing of follow-up is adjusted accordingly. Patients undergoing orbital surgery are often 
admitted to the hospital. Because of risk of bleeding and of injury to the optic nerve, ocu- 
lar blood supply, and adnexal structures, they are examined on the first postoperative day 
and 2-3 times over the following month. 


Vitreoretinal Surgery 


The widely varying types and complexities of vitreoretinal surgeries require a flexible ap- 
proach to timing of postoperative evaluations. These patients are always seen on the first 
postoperative day and followed closely in the weeks that follow. The frequency of post- 
operative visits is determined by the visual function as well as the status of detached retina 
and subretinal fluid, intraocular gas, IOP, and presence of intraocular bleeding. 


Laser Surgery 


Laser surgery procedures are generally performed on the anterior chamber angle or iris 
for glaucoma, the cornea for refractive surgery, the posterior lens capsule for capsulotomy, 
and the retina for various conditions including diabetic retinopathy, retinal tears, or de- 
tachments. Patients who undergo anterior segment laser procedures are often checked 1 
or 2 hours after the procedure to measure IOP, and again roughly a week later to deter- 
mine success of the procedure. Refractive surgery patients are seen in the days after the 
surgery unless there are LASIK flap complications that require more immediate attention. 
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Patients who undergo laser surgery on the retina require follow-up at varying times in 
the days and weeks after the procedure, as some may need further treatment and others 
need only be seen weeks later to determine whether treatment was successful (eg, macular 
treatment in diabetic retinopathy). 

The use of femtosecond laser in cataract surgery for purposes ofastigmatism-correcting 
corneal arcuate incisions, main and secondary corneal incisions, anterior capsulotomy, 
and/or nuclear fragmentation are becoming increasingly common. Postoperative care of 
these patients does not differ from those who have conventional phacoemulsification. 


Intravitreal Injection 


Intravitreal injections of therapeutic agents have become the standard of care for treat- 
ment of a number of ophthalmic diseases. The procedure offers the benefit of delivering 
a drug at a high concentration directly to the eye with minimal systemic absorption. (See 
Chapter 47, “Intravitreal Injections,’ in Basic Techniques of Ophthalmic Surgery for proce- 
dural information.) Intravitreal injections are performed for a range of conditions, from 
treatment of macular degeneration with antivascular endothelial growth factor (anti-VEGF) 
agents, to delivery of antibiotics in the setting of endophthalmitis, to treatment of uveitis 
with antiviral, antifungal, and immunosuppressive agents. In addition, gas and implant- 
able devices may be delivered intravitreally. 

Patients who undergo intravitreal injections should have a dilated funduscopic ex- 
amination performed immediately after the procedure. The purpose of this examination 
is to ascertain that the retina and the optic nerve are perfused and uninjured, and that the 
IOP is in an acceptable range. Subsequent examinations vary based on the indication for 
treatment, with daily examinations for patients with endophthalmitis and aggressive viral 
uveitis. Patients with noninfectious uveitis or cystoid macular edema should be reexam- 
ined 1-4 weeks after the procedure, and patients with neovascular macular degeneration 
should be examined 1 month after the procedure. For patients who are scheduled to be 
examined more than several days after the procedure, many practitioners employ a post- 
procedure telephone call, which may be performed by the surgeon or a surrogate. The 
purpose of this phone call is to inquire about any evidence of endophthalmitis (severe pain, 
drastic drop in vision) and to reiterate warning signs and steps to take should such problems 
occur. 


Transition of Care 





While many surgeons choose to personally care for the patient in the postoperative pe- 
riod, there may be circumstances when it is appropriate for a different provider to assume 
that role, for example when comanaging with an optometrist or utilizing coverage by 
another ophthalmologist. In such instances a structured transition of care should occur. 
Transitions of care ideally should occur face-to-face or through a telephone conversa- 
tion between the surgeon and the covering provider. The conversation should take place 
at a time when both individuals can focus on the transition of care in a location free 
of distractions. The patient-identifying information, key surgical concerns, and specific 
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postoperative care plan should be communicated with care taken to safeguard the patient's 
privacy. During the transition, it should be clearly established which provider is respon- 
sible for the patient and when this responsibility gets transferred. The patient should be 
notified of the transfer of responsibility and given contact information for each provider 
as well as a clear set of instructions as to which individual is the primary contact person 
after surgery. A record of the transition should be made in the patient's chart. 


Focus of the Examination 





Generally, the postoperative examination is focused on determining whether the intended 
goal was accomplished, assessing the postoperative anatomy, looking for complications, 
and making decisions about the timing of anticipated postoperative interventions such as 
medication changes and suture cutting. Once again, the focus of the examination depends 
on the type of procedure performed. 


Anterior Segment Surgery 


The focus of this examination includes measuring visual acuity; determining anterior 
segment anatomy (intraocular lens, corneal graft, or filtration bleb position); measuring 
IOP; looking for intraocular inflammation (cells and flare in anterior chamber), signs of 
infection (excessive injection, hypopyon), and signs of corneal graft rejection; determin- 
ing the security of the surgical wound; and examining the retina for perforations from 
anesthetic injection or retinal detachment. If visual acuity is decreased, an explanation must 
be found. After MIGS procedures, early hyphema is possible and should be evaluated, 
as it may predispose the patient to an IOP spike. Gonioscopy may be performed to verify 
that stents are properly positioned and not occluded by iris. 


Strabismus Surgery 


The focus of the postoperative strabismus examination is to ensure successful reattach- 
ment of muscles with normal function; to rule out scleral perforations, anterior segment 
ischemia, or infection; and to determine the success of the procedure. Successful stra- 
bismus surgery is characterized by maintenance of good visual acuity, successful motor 
alignment, and restoration of or facilitation of binocular single vision and fusion. 


Eyelid and Orbital Surgery 


Postoperative examination of eyelid surgery focuses on the security of skin incisions, reso- 
lution of swelling, absence of infection, and achievement of the surgical goal (eg, eyelid 
position after ptosis and ectropion surgery, and anatomical restoration and absence of 
tumor after cases of tumor excision). Postoperative evaluation for eyelid and orbital tumor 
procedures must also include review of histopathology and specific diagnosis. This will 
help define further treatments as well as determine the adequacy of surgical margins. In 
patients who have undergone orbital surgery, extraocular muscle function and optic nerve 
function should be measured. 
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Vitreoretinal Surgery 


After vitreoretinal surgery, the focused examination includes a determination of whether 
the retina is attached, holes or breaks are adequately treated, and subretinal fluid is dimin- 
ished. Many procedures involve the injection of intraocular gases; the level of fill and posi- 
tion of the gas bubble are important considerations. Examination of the anterior segment 
is required to assess corneal and lens clarity and should include an assessment of the IOP. 


Laser Surgery 


Laser surgery usually alters anatomy only minimally, so the postoperative examination 
centers on identifying secondary effects such as IOP spikes, corneal edema, and macular 
edema, as well as determining whether the goal of the procedure was accomplished. This 
involves assessment of uncorrected visual acuity in the patient who had had refractive sur- 
gery, measurement of pressure in a patient who has undergone trabeculoplasty, determina- 
tion of anterior chamber depth and angle status in patients who have undergone peripheral 
iridotomy, and adequacy of capsule opening in patients who have had capsulotomy. The 
examination also assesses adequacy and extent of treatment in patients who have under- 
gone retinal laser treatment for diabetic macular edema and diabetic neovascularization 
(panretinal photocoagulation), and laser treatment for choroidal neovascularization. 

Some retinal procedures (eg, photodynamic therapy) require repeated laser applica- 
tions, and in this setting the examiner must determine if a repeated treatment is required 
to address continued leakage from persistent neovascularization. To rule out the possibility 
of leakage in patients who have undergone femtosecond laser—assisted cataract surgery, it 
is important to perform the Seidel test not only on the primary and secondary corneal 
incisions, but also on any arcuate incisions. 


Intravitreal Injection 


A check of IOP and dilated funduscopic examination for the optic disc and the retina 
should be performed immediately after the procedure to ascertain perfusion and rule out 
inadvertent perforation of the retina. IOP is frequently elevated immediately after the in- 
jection but comes down spontaneously within minutes after the procedure. The surgeon 
should also look for a retinal tear, intraretinal or vitreous bleeding, or retinal detachment. 
In cases in which the injected substance is a particulate suspension or in cases of dense 
vitritis or small pupil, this examination may be difficult; if difficulty with the procedure 
is experienced, the surgeon may employ ultrasonography to rule out injury to the retina. 

Subsequent examinations should focus on whether the goal of the treatment has been 
achieved while also double-checking that there is no damage to the retina related to the 
injection and that the IOP is in an acceptable range, especially if, due to the risk of steroid- 
induced glaucoma, a corticosteroid has been injected. 


Pain Management 





Fortunately, most patients who undergo eye surgery will experience only mild to moder- 
ate pain. In fact, severe pain is often an important clue as to the existence of a postopera- 
tive complication such as IOP spike, hemorrhage, or infection. Typical postoperative pain 
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is generally managed with systemic medications and local therapies. Acetaminophen is 
often used as a first-line analgesic, as it is effective for mild to moderate pain and does 
not increase risk of hemorrhage. For more severe pain, after complications have been as- 
sessed and managed, narcotics such as codeine or oxycodone may be added. Helpful local 
therapies include the use of ice and elevation to modify pain and swelling in patients who 
undergo strabismus, eyelid, or orbital surgery. 


Management of Complications 





The term “complication” refers to an undesired outcome of surgery that is related to an 
intraoperative event or a postoperative process. Postoperative complication management 
includes assessment of these processes and institution of measures to control potential 
problems. It is beyond the scope of this text to detail management of specific complica- 
tions; however, certain complications are somewhat common, and postoperative assess- 
ment of all cases should likely include evaluation for them. Surgeons should disclose to 
the patient the possibility of complications, and, in the case that a complication occurs, 
carefully discuss it and the suggested course of action to address it with the patient and, if 
appropriate, the patient’s family. 


Retrobulbar or Peribulbar Anesthetic Injections 


Complications related to these injections include: 


e retrobulbar hemorrhage 

e puncture of the globe 

e injection of anesthetic into the eye 

e injection of anesthetic into the optic nerve or subarachnoid space 
e injection into or trauma to an extraocular muscle 


Retrobulbar hemorrhage is an ophthalmic emergency. An orbital compartment syn- 
drome can develop, and elevation of the pressure in the orbit can be severe enough to 
compromise ocular blood flow or raise IOP to unsafe levels. If a retrobulbar hemorrhage 
is encountered, the ophthalmologist must decompress the orbit by performing a lateral 
canthotomy and cantholysis. Puncture of the globe and/or injection of anesthetic into the 
eye may result in a hypotonus eye; the red reflex may appear abnormal and the anterior 
chamber may be deeper than normal. The puncture can lead to retinal or vitreous hemor- 
rhage or retinal tear or detachment. 

Unusual intraocular inflammation may result from the injection of anesthetic. 
Prompt treatment and vitreoretinal surgery may be required. If the needle inadvertently 
is placed within the optic nerve sheath, it can cause a vision-threatening hemorrhage 
(sheath hematoma) that requires optic nerve sheath decompression surgery. The anes- 
thetic can travel back to the brain and lead to seizures, respiratory depression, or cranial 
nerve palsies; neurologic consultation may be required for seizure control, and respira- 
tory support may be necessary. Trauma and hemorrhage to an extraocular muscle during 
injection can lead to eye movement abnormality and double vision; typically, no acute 


CHAPTER 18: Postoperative Management è 223 


intervention is required, but later correction may be necessary if muscle dysfunction 
persists. 


General Principles of Management for Common Entities 


A complete list of surgical complications that require postoperative therapy is beyond the 
scope of this text, but some of the more common entities, along with general principles 
for management, are briefly described by category here. (Principles for management of a 
complication follow it, in parentheses.) 


Anterior segment surgery 
Complications (and management) of cataract surgery include: 


endophthalmitis, characterized by profound vision loss, severe pain, accidental 
conjunctival injection, hypopyon, and vitreous opacity (vitrectomy or vitreous tap 
and culture, and intraocular antibiotic injection) 

uveitis (topical and/or systemic corticosteroid) 

wound leaks (pressure patch, surgical closure) 

intraocular tissue prolapse through wounds (surgical replacement and closure) 
lost lens or lens fragments (corticosteroids, vitreoretinal surgical removal) 
intraocular lens dislocation (documentation of lens position, surgical repositioning 
if necessary) 

elevation of IOP (pressure-lowering agents, paracentesis) 

corneal edema (management of IOP and inflammation) 

cystoid macular edema (topical antiinflammatory agents) 


Complications (and management) of corneal transplant surgery include: 


graft rejection or primary graft failure (corticosteroid therapy) 
wound leak (surgical closure) 

suture abscess (suture removal, if safe) 

persistent epithelial defects (patch, therapeutic contact lens) 
elevated IOP (pressure-lowering agents) 

loose sutures (removal; loose sutures provide no tectonic support) 
graft dislocation (graft repositioning and injection of an air bubble) 


Complications (and management) of traditional and microinvasive glaucoma surgery 
include: 


persistence of high pressure (reinstitution of medications, suture lysis, repeated 
surgery) 

flat or severely shallow anterior chamber secondary to overfiltration or bleb leaks 
(pressure patch, partial surgical closure) 

hyphema (pressure management; rarely, surgical evacuation) 

stent occlusion by iris (MIGS, managed with YAG laser) 

choroidal effusion or hypotony maculopathy (management of bleb leak or 
overfiltration) 
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Strabismus surgery 
Complications (and management) of strabismus surgery include: 


overcorrections and undercorrections (documentation, observation for stability, 
prisms, possible repeated operation) 

scleral perforations (evaluation for retinal tear or detachment, laser or retinovitre- 
ous surgery if necessary) 

lost or torn muscles (surgical exploration and repair) 

anterior segment ischemia (antiinflammatory therapy) 


Eyelid and orbital surgery 
Complications (and management) of eyelid and orbital surgery include: 


orbital hemorrhage (emergent canthotomy and cantholysis, possible orbital explo- 
ration to control persistent bleeding) 

optic nerve damage after orbital surgery (neuroimaging to assess for bone frag- 
ments, intrasheath hemorrhage, possible repeated operation for optic nerve sheath 
decompression) 

orbital cellulitis (neuroimaging to assess for abscess, systemic antibiotics, possible 
surgical drainage) 

eyelid hematoma (ice) or infection (systemic antibiotics) 

lagophthalmos and exposure keratitis (intensive lubricants, possible surgical 
repositioning) 


Vitreoretinal surgery 
Complications (and management) of vitreoretinal surgery include: 


failure to achieve retinal reattachment or closure of holes or tears (observation, pos- 
sible repeated operation) 

intraocular hemorrhage (observe, possible repeated operation) 

new retinal tears (repeated treatment) 

IOP elevation, particularly when long-acting gases are used (pressure-lowering 
agents) 

wound leak (observation, incision closure) 


Laser surgery 
Complications (and management) of laser surgery include: 


glaucoma laser surgery: intraocular hemorrhage, elevated IOP (pressure-lowering 
agents) 

YAG capsulotomy: intraocular lens damage, IOP elevation, uveitis (pressure- 
lowering agents, topical corticosteroids), and retinal detachment (surgical repair) 
keratorefractive surgery: corneal flap complications (possible surgical correction), 
corneal infections (antibiotics) 

retinal laser surgery: choroidal effusions (management of IOP) 
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Intravitreal Injection 


Complications (and management) of intravitreal injection include: 


significant postprocedure IOP elevation (topical IOP-lowering agents, anterior 
chamber paracentesis with removal of small amount of aqueous) 

long-term steroid-induced glaucoma (topical IOP-lowering agents, glaucoma 
surgery) 

infectious endophthalmitis (intravitreal injection of antibiotics with or without 
pars plana vitrectomy) 

sterile endophthalmitis (may be difficult to differentiate from infectious endo- 
phthalmitis; treatment with topical steroids and monitoring every few hours, being 
ready to switch to infectious endophthalmitis treatment strategy should the process 
worsen) 

retinal tear/perforation, inadvertent injection of therapeutic agent into the subreti- 
nal space (barrier laser photocoagulation) 

retinal detachment (surgical repair) 

development or progression of cataract, damage to the lens capsule by the needle 
(cataract extraction; vitrectomy and advanced techniques may be required at time 
of cataract surgery for cases in which the lens capsule is damaged) 


Key Points 





Postoperative counseling of the patient should address care of surgical wounds 
(dressing of wounds and the application of medication), type and amount of pain 
to be expected, activity restrictions, and warning signs or symptoms that require 
contact with a physician and immediate attention. 

At the first postoperative visit after anterior segment surgery, the examination 
should include determining the anatomical success of the procedure, testing the 
security and watertight nature of the surgical wound, measuring IOP, and looking 
for early signs of infection. 

Complications of cataract surgery include endophthalmitis, uveitis, wound leaks, 
intraocular tissue prolapse, lost lens or lens fragments, intraocular lens dislocation, 
elevation of IOP, corneal edema, and cystoid macular edema. Hyphema is more 
likely in cases in which MIGS was performed along with cataract extraction. Stents 
may be malpositioned or occluded by the iris. 

Complications of strabismus surgery include overcorrections and undercorrec- 
tions, scleral perforations, lost or torn muscles, and anterior segment ischemia. 
Complications of intravitreal injection include endophthalmitis, postoperative el- 
evation of IOP, and damage from the needle to the retina or the lens. 


American Academy of Ophthalmology. An Ophthalmologists Duties Concerning Postoperative 


Care. Policy Statement. Available at https://www.aao.org/clinical-statement/ophthalmologists- 
duties-concerning-postoperative-c. Accessed February 8, 2019. 
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Self-Assessment Test 





]: 


Postoperative counseling of the patient should include which of the following 

topics? (Choose all that apply.) 

a. expected level of pain 

b. activity restrictions 

c. warning signs or symptoms that require contact with a physician and im- 
mediate medical attention 

d. the appropriate care of surgical wounds and/or dressings 

e. the timing of postoperative evaluations and the application of medication 

For the first postoperative visit after anterior segment surgery, what are the key 

features of the examination? (Choose all that apply.) 

correcting residual astigmatic error 

determining the anatomical success of the procedure 

testing the security and watertight nature of the surgical wound 

. measuring IOP 

looking for early signs of infection 

cleaning the posterior capsule of opacities 


z 


means 


What should be the focus of the postoperative strabismus examination? (Choose 


all that apply.) 

a. prescribing the appropriate prism spectacle correction 

b. removing muscle sutures 

c. ensuring successful reattachment of muscles with normal function 

d. ruling out scleral perforations, anterior segment ischemia, and infection 
Which of the following are possible complications of retrobulbar or peribulbar 
anesthetic injections? (Choose all that apply.) 

retrobulbar hemorrhage 

puncture of the globe 

injection of anesthetic into the eye 

. injection of anesthetic into the optic nerve or subarachnoid space 
injection into or trauma to an extraocular muscle 

Which of the following are possible early complications of cataract surgery? 
(Choose all that apply.) 

a. endophthalmitis 

b. strabismus 

c. wound leak 

d. intraocular tissue prolapse 

e 

f. 

8 
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. peripheral iridectomy 
. intraocular lens dislocation 
. elevation of IOP 
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6. Severe eye pain several days after intravitreal injection of bevacizumab for neo- 
vascular age-related macular degeneration may be a sign of which significant 
complication? How soon should the patient with this complaint be evaluated? 

endophthalmitis—examine in 1 week 

. retinal detachment—examine immediately 

endophthalmitis—examine immediately 

. retinal detachment—examine in 1 week 

keratitis—examine immediately 


eno oe 


For preferred responses to these questions, see Appendix A. 


CHAPTER 19 


The Healing Process 


Frank Moya, MD 
Casey Mickler, MD 
Peter A. Quiros, MD 


Healing in ophthalmic surgery involves several tissues with differing characteristics. Al- 
though many features are common to all tissue types, the processes involved in healing 
vary accordingly. This chapter addresses the stages and factors involved in healing and 
the ways in which they impact ocular surgery. An introduction to the basic science of 
wound modulation will place the surgeon in good stead to improve surgical outcomes in 
the coming years. Modulation of wound healing is likely to become more sophisticated 
as manipulation of growth factors, cytokines, and cellular messengers, once thought 
only basic science research, will be indispensable in the operating room and outpatient 
settings. 


Healing by Intention 





Traditionally, 3 types of wound healing are described: healing by first intention, second 
intention, and third intention. 

Healing by first intention involves approximation of the wound edges with sutures 
or adhesive strips, usually after surgical incision (Fig 19-1A). Wounds healed by primary 
intention are associated with minimal basement membrane interruption, tissue loss, and 
cellular damage. 

Healing by second intention is associated with more extensive loss of tissue and un- 
apposed wound edges (Fig 19-1B). Granulation tissue is formed, and, subsequently, con- 
nective tissue deposited. A prominent feature of healing by second intention is wound 
contracture, the process whereby the surrounding normal tissue is pulled toward the area 
of the initial wound by the scarring process. 

Healing by third intention (also called “delayed primary intention”) entails septic 
wounds (Fig 19-1C). Typically, such a wound is debrided, treated, and left open until such 
time it is deemed suitable to be closed. It is important to remember that the sequence of 
healing events is the same regardless of the type of wound. 
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Primary Intention 
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Tertiary Intention 











Wound Increased Late suturing 
C granulation with wide scar 


Figure 19-1 Healing by intention. A, Primary intention. B, Secondary intention. C, Tertiary 
intention. (Reproduced with permission from Raymond-Seniuk C. Postoperative nursing management. In: Smeltzer 
SC et al, eds. Brunner & Suddarth's Textbook of Medical Surgical Nursing. 11th ed. Philadelphia: Lippincott Williams & 
Wilkins; 2:538.) 


The Process of Healing 





The process of wound healing classically has been divided into 3 phases: inflammation, 
proliferation, and tissue maturation. These stages are not mutually exclusive. They are a 
continuum of events, and all 3 stages may occur simultaneously. Vascular tissue injury 
causes bleeding that initiates a hemostatic response. In the inflammatory phase, neutrophils 
infiltrate and protect the site from microbes and begin the process of cleaning up necrotic 
tissue and cells. Macrophages continue the role of debridement and secrete factors that 
initiate the proliferative phase. In this phase, fibroblasts begin secreting connective-tissue 
proteins. Vascular endothelial cells initiate the process of angiogenesis. Epithelial cells 
migrate over the wound surface and myofibroblasts, through cell-matrix interactions, 
contract the wound and facilitate wound closure. In the maturational stage, fibroblasts 
continue to secrete the structural proteins and proteases necessary for the reorganization 
of collagen fibrils; both aid in increasing wound strength and tissue flexibility. The process 
of wound healing varies in different ocular tissues. Fig 19-2 illustrates a summary of the 
wound healing process. 

The time needed for wound healing depends on many factors, including tissue vas- 
cularity, availability of chemoattractant factors, and cellular proliferation rates. In general, 
the more vascular the tissue, the quicker it tends to heal, as increased vascularity allows 
for a more robust cellular response and can support greater cellular proliferation. Because 
regulating the vascularity of a tissue without causing injury is more complex, modulation 
of wound healing is often accomplished by diminishing and slowing cellular response and 
proliferation mechanisms. For example, facial skin is usually sutured with nylon or poly- 
propylene monofilaments. These minimize localized cellular response at the wound site, 
which helps prevent scarring. Similarly, medications such as steroids can be used to slow 


plug 
false 
a 5 > 


1 
acer 
Macrophage Smooth 
Myofibroblast muscle 
actin 


Transglutamine 
Fibronectin 


Fibrin 


Phagocytosed 
bacteria 


Proteolytic 
enzyme: 


collagen 





Figure 19-2 Summary of the wound-healing process. A, Inflammatory cell migration. A low- 
power view of the wound site depicts the migration of macrophages, fibroblasts, and smooth 
muscle actin-containing myofibroblasts as they migrate to the wound from the surrounding 
tissue into the provisional matrix. Fibronectin, growth factors, chemokines, cell debris, and 
bacterial products are chemoattractants for a variety of cells that are recruited to the wound 
site (2—4 days). The initial phase of the repair reaction typically begins with hemorrhage into 
the tissue. B, A fibrin clot forms from plasma and platelets, and it fills the gap created by the 
wound. Fibronectin in the extravasated plasma binds fibrin, collagen, and other extracellular 
matrix components within fibrin strands that are cross-linked by the action of transglutamin- 
ase (factor XIII). This cross-linking provides a provisional mechanical stabilization of the wound 
(0-4 hours). Neutrophils rapidly infiltrate in the presence of bacteria or damaged tissue. C, 
Macrophages recruited to the wound area further process cell remnants and damaged extra- 
cellular matrix. The binding of fibronectin to cell membranes, collagens, proteoglycans, DNA, 
and bacteria (opsonization) facilitates phagocytosis by these macrophages and contributes to 
the removal of debris (1-3 days). 
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Figure 19-2 (continued) D, During the intermediate phase of the repair reaction, recruited 
fibroblasts deposit a new extracellular matrix of primarily smaller collagen type-lll fibers at the 
wound site, while the initial fibrin clot is lysed by a combination of a temporary matrix, includ- 
ing proteoglycans, glycoproteins such as polymerized cellular fibronectin, and fibers enriched 
in type-Ill collagen (2-5 days). E, Concurrent with fibrin removal by macrophages, there is a 
continued fibroblast production of a temporary matrix, including proteoglycans, glycoproteins 
such as polymerized cellular fibronectin and fibers enriched in type-II! collagen (2-5 days). 
Integrin receptors act to form polymers of fibronectin, and integrins and fibronectin help form 
collagen fibrils. F, Final phase of the repair reaction. Gradually, the fibroblasts convert to pro- 
duction of thicker collagen fibers rich in type-I collagen, and the temporary, thinner collagen 
\II-enriched fibers are turned over, leading to the stronger definitive matrix (5 days to weeks). 
(Reproduced, with permission, from Sephel CG, Davidson JM. Repair, regeneration, and fibrosis. In: Rubin E, Reisner HM, 
eds. Essentials of Rubin's Pathology. 6th ed. Baltimore: Lippincott Williams & Wilkins; 2014:59.) 
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the cellular response or the proliferation of certain cells in deference to others. As you will 


see, these techniques are applied to tissues differentially depending on the demands of the 
wound healing process, and techniques vary from tissue to tissue. 


Wound Healing in Dermal/Conjunctival Tissue 





Conjunctiva and dermis both are highly vascular tissues with like cellular and stromal 
structure and similarity in wound healing issues. 


Inflammatory Phase 


When tissue injury occurs, the inflammatory stage of wound repair begins. The injury 
often involves vascular damage, which leads to the extravasation of blood into soft tissues. 
Tissue hemostasis involves an orchestration of many cellular components, including vas- 
cular endothelial cells, platelets, and the coagulation cascade. The initial clot structure that 
fills the wound space has functions in addition to simple hemostasis. The newly formed 
structure is rich in fibrin and glycoproteins that facilitate binding of cellular adhesion 
molecules necessary for cellular migration. The clot also serves as a storage site for various 
growth factors that further aid in directing cellular migration and wound repair. 

Many of the protein factors involved in the coagulation cascade also play a role in 
stimulating inflammation. The kinin enzymatic cascade triggers the complement system, 
which produces strong mediators of inflammation, including bradykinin, which increases 
vascular permeability and vasodilatation. The endothelium secretes enzymes that degrade 
the fibrin clot into fibrin split products or fibrin degradation products, which are chemo- 
tactic for neutrophils. Early in the process, neutrophils are recruited to the site of dam- 
age and provide important functions, including debridement and microbe control at the 
wound site by ingesting foreign bacteria, antigens, necrotic tissue, and nonviable cells. 

Macrophages arrive hours after the inflammatory response begins. As well as being 
proinflammatory, macrophages are crucial to tissue debridement because they clear any 
residual bacteria, necrotic tissue, and senescent neutrophils. Macrophages synthesize pro- 
teases capable of degrading a wide range of extracellular matrix constituents. Several of 
the zinc-dependent matrix metalloproteinases (MMPs) are synthesized as well. MMPs are 
important for many biological functions, including cell migration, angiogenesis, extra- 
cellular matrix (ECM) breakdown, and in tissue remodeling. 


Proliferative Phase 


The formation of granulation tissue is a hallmark of the proliferative stage. It is marked 
histologically by the presence of invading fibroblasts and vascular endothelial cells. Key in 
wound healing is fibroblast activation: activated fibroblasts secrete growth factors, synthe- 
size connective tissue proteins, and express receptors for growth factors. The fibroblasts 
begin to secrete ECM proteins and ground-substance components. The ECM is composed 
mainly of collagen, reticular, and elastin fibers. Wound healing relies upon proper syn- 
thesis and deposition of collagen, and wound mechanical strength corresponds with the 
amount of collagen in the wound. 
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Released from platelet granules and inflammatory cells, platelet-derived growth factor 
(PDGF) is an important regulator of fibroblast function. Synthesis of PDGF is induced 
in response to factors commonly present in the wound environment, such as low tissue 
partial pressures of oxygen, thrombin, or by other cytokines and growth factors. PDGF 
functions as a potent chemoattractant and mitogen for fibroblasts and has been shown 
to stimulate protein synthesis of many matrix proteins such as collagen, fibronectin, and 
hyaluronic acid. It also induces synthesis of MMPs. During times of inflammation, fibro- 
blasts and other connective tissue cells up-regulate expression of the PDGF receptor. 


Angiogenesis 

Angiogenesis is essential in normal wound healing and occurs through a series of orderly 
events. The first step is activation of the endothelial cell, which entails the secretion of pro- 
teolytic enzymes. Two important proteolytic enzyme groups are the tissue plasminogen 
activator (t-PA)/plasmin system and the MMPs. Endothelial cells behind the leading edge 
of migration begin to proliferate. 

All of the processes necessary for formation of new vessels are mediated by a wide 
range of angiogenic agonists, including growth factors, chemokines, angiogenic enzymes, 
endothelial specific receptors, and adhesion molecules. While many factors have been 
documented to be angiogenic, evidence points to the potent role of vascular epithelial 
growth factor (VEGF). It is involved in angiogenesis, as a chemoattractant and mitogen to 
vascular endothelium, and guides new vessel formation. 


Epithelialization 

The most basic function of the epithelial layer is to protect the organism from environ- 
mental insults. Between adjacent epithelial cell membranes are specialized adhesion pro- 
teins that form occluding, or “tight,” junctions. In addition, epithelial cells are anchored 
to a basement membrane; this layer contains many of the same components as the extra- 
cellular matrix but has a predominance of type IV collagen, laminin, and heparan sulfate. 
In wound healing, basement membrane provides adhesion sites and migratory signals to 
proliferating cells. 

After injury, it is imperative for the epithelium to seal off the wound from the external 
environment. Epithelial cells must disassociate from anchoring fibers and migrate over 
the matrix of the initial clot in the wound. In wound healing, basement membrane pro- 
vides adhesion sites and migratory signals to proliferating cells, and must be replaced if 
disrupted as epithelial cells anchor to the basement membrane. Growth factors have also 
been implicated in inducing the migratory and proliferative responses of epithelial cells 
after injury. The tear film component epithelial growth factor (EGF) is a key regulator of 
migration and proliferation of epithelial cells of all types. 


Wound contraction 

In conjunction with reepithelialization, contraction of the wound helps close it and de- 
crease its size. Substantial evidence points to a differentiated form of fibroblast, the myo- 
fibroblast, as the cause of contraction. Within granulation tissue, these altered cells acquire 
features typical of smooth muscle. 
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Tissue Maturation Phase 


The tissue maturation phase of healing is characterized by the modification of the granu- 
lation tissue into a scar combined with a decrease in cellularity of the scar. Components 
of the granulation tissue begin to transform from the initial fibrin- and fibronectin-rich 
network deposited in the wound site at the initial stages to a collagen-rich scar tissue. Re- 
modeling of the wound tissue is a net result of a degradative process versus synthetic pro- 
cess. As noted earlier, the synthetic processes are carried out chiefly through the actions of 
the fibroblast. The degradative processes are influenced heavily by the enzymatic actions 
of MMPs and their endogenous inhibitors (tissue inhibitors of metalloproteinases, some- 
times called TIMPs). Remodeling can begin early at the wound edges and can continue 
for months. While the fibrin clot is being degraded, collagen and other proteins are being 
synthesized and deposited in the wound site. 


Practical Considerations 


In general, primary closure of conjunctiva and dermis allows for more controlled healing 
and is used on the skin of the face and exposed conjunctiva. This type of wound closure 
is preferable because it minimizes scarring, whereas healing by secondary intention takes 
longer and often leaves more prominent scars. Healing by secondary intention may be 
useful in cases of anterior segment reconstruction or reconstructive oculoplastic surgery. 
For example, healing by secondary intention is often applied after the removal of conjunc- 
tival and/or dermal tumors in which a large graft is needed, when the wound cannot be 
closed by primary intention. 

The average time of reepithelialization of conjunctiva and facial skin is quite short, 
usually several days. By postoperative day 5, the edges of most skin incisions will have re- 
epithelialized. However, wounds of the facial skin may require attention for longer periods 
in order to prevent scar formation. For example, sutures in facial skin are usually removed in 
5-7 days in order to avoid an inflammatory reaction to the suture material. By this time, 
the wound only has 10% of its tensile strength usually requires at least an additional week 
of suppression of the cellular response in order to avoid scar formation. Supplemental 
support (eg, Steri-Strip) may be required to maintain tissue apposition. 

Wounds of the facial skin achieve greater than 50% tensile strength within about 
2 weeks, 70%-80% by 3 months. Conjunctival wounds achieve similar strengths in nearly 
half the time. The choice of suture material, as well as the type of suture placed, alters the 
way in which the tissue heals. Generally, nonorganic nylon or polypropylene monofila- 
ments are used on the skin of the face in order to minimize scar formation. Fig 19-3 shows 
an example of primary closure of a wound and healing by first intention. 

Topical steroids are then often used to further slow the cellular response. Whereas 
these measures also slow cellular proliferation to a certain extent, causing the wound to 
heal more slowly, the decreased cellular response produces a more favorable outcome. 
Conjunctival closures, in which a more robust cellular response is generally desired, usu- 
ally utilize polyglactin sutures. These result in a greater cellular response at the wound site, 
which allows for faster healing and increased tensile strength in a shorter time as well as 
increased scar formation. 
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Figure 19-3 Example of primary closure of wound and healing by first intention. A, The muscle 
layer was closed with 4-0 polyglactin sutures. B, The skin was closed using a 6-0 running poly- 
propylene suture that was removed after 7 days to decrease scar formation. (Courtesy of Frank 
Moya, MD.) 


The short period before reepithelialization is achieved can be problematic in cases in 
which the wound was improperly constructed or the wound margins were not apposed. 
The intervening gap will now heal by secondary intention, causing a visible scar. In these 
cases, wounds must be revised by creating “fresh” margins and reapposing them. Removal 
of any granulation tissue must also be accomplished, as this will speed healing and avoid 
cyst formation. If this removal is not possible, there must be minimal disturbance of the 
granulation tissue in order to prevent scarring. This can be achieved with the use of topi- 
cal steroid/antibiotic combinations, but at the cost of very prolonged healing time. 

During a glaucoma filtration operation, special care to achieve hemostasis is required. 
We have learned that residual bleeding and clots can spur early bleb failure by acting as 
a source and reservoir for many inflammatory components. The surgeon strikes a deli- 
cate balance when she creates a watertight incision adjacent to tissue whose inflammation 
must be suppressed. This is done by using a dissolvable suture, such as polyglactin, to close 
the incision while utilizing antifibrotic agents such as mitomycin C and 5-fluorouracil to 
impair scar formation that would lead to bleb failure (Fig 19-4). 


Corneal Wound Healing 





The healthy cornea is devoid of vessels; therefore, corneal stromal wound healing is char- 
acterized by the absence of a vascular stage. Instead of granulation tissue, there is forma- 
tion of fibroblastic tissue, a similar tissue without blood vessels. The corneal stroma has 
3 major components: proteoglycans, keratocytes, and collagen, predominantly type I. 
When corneal tissue is damaged, fibrin and fibronectin aggregate at the wound. Fibrin 
derives from anterior chamber exudates in penetrating wounds, limbal vessels, and con- 
junctival vessels; keratocytes produce fibronectin. These elements are essential for cellular 
migration, proliferation, and collagen remodeling. Keratocytes are essential cells in the 
healing process and perform multiple functions, including actions as fibroblasts, myo- 
fibroblasts, and phagocytic cells, depending on the chemical messengers in the stroma. 
Fibroblasts, keratocytes, and monocytes may show fibroblastic behaviors as well as phago- 
cytic activity. Neutrophils are involved in phagocytosis of dead cells and damaged stromal 
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Figure 19-4 A broad diffuse bleb in a trabeculectomy performed with a subconjunctival injec- 
tion of mitomycin C at the end of the case. The mitomycin C was then diffusely spread over a 
broad area by using forceps as a squeegee. Note the 9-0 polyglactin closure of the fornixbased 
incision, with epithelial migration over the suture. There is minimal inflammation with use of 
topical steroids. Intraocular pressure is in the single digits. (Courtesy of Frank Moya, MD.) 


constituents, and they defend against infection. Cells with fibroblastic activity deposit 
proteoglycans and collagen fibrils, which form a scar. The stromal scar is remodeled, with 
its constitution becoming more like healthy tissue with time. However, the scar may never 
have the same tensile strength as surrounding healthy tissue. 

Epithelial cell wound healing involves multiple phases, including sliding of super- 
ficial cells, cell mitosis, and stratification for normal epithelial anatomy. Should the wound 
involve Bowman layer and superficial stroma, the epithelium will fill in the extra space, 
forming an epithelial facet; Bowman layer and superficial stroma are not regenerated. 
Epithelial anchoring to the underlying stroma is rapid when a basement membrane is 
present; anchoring is significantly delayed if the basement membrane has been ablated. 
Cell migration begins at approximately 5 hours after injury at 60-80 um per hour. Intact 
epithelium increases the tensile strength of the underlying stroma, but an epithelial plug 
may prevent healing of a stromal wound. 

Ablation of corneal tissue by use of an excimer laser induces a healing response as 
well. Initially epithelial cells migrate and proliferate over the wound bed by using collagen, 
fibronectin, and various glycoproteins as described earlier in this chapter. Reepithelializa- 
tion of the wound bed usually is complete within a few days. In general, stromal reaction 
to ablation is similar to that of connective tissue. There is a migration, proliferation, and 
activation of stromal keratocytes that begin to secrete collagen, glycoproteins, and various 
components of the ECM. In time, the anterior stromal surface achieves a relatively normal 
lamellar appearance. 

Following refractive keratotomy procedures, the corneal epithelium migrates and pro- 
liferates into the wound, forming an unpredictably persistent epithelial plug that initially 
retards normal wound healing. This plug has been shown to persist for up to 70 months in 
incision sites, but the corneal basement membrane, with all of its attachments, ultimately 
regenerates. After the initial stromal inflammatory response with edema, the keratocytes 
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Figure 19-5 Five-year post-Lasik cornea with 
an easily identifiable interface stromal scar 
(arrows) (Modified from Dawson DG, Holley GP Geroski 
DH, Waring GO, Grossniklaus HE, Edelhauser HF Ex vivo 
confocal microscopy of human LASIK corneas with histo- 
lologic and ultrastructural correlation. Ophthalmology. 
2005;112:640.) 





ultimately fill the plug with connective tissue, forming 2 distinct morphologically vari- 
able scars. These scars have been described as thin with feathery edges that extend from 
the incision site, or as rougher and broad with an increased width that contains epithelial 
inclusions. Fig 19-5 shows a post-LASIK cornea with an interface stromal scar. 

Following full-thickness incisions or lacerations, collagen and Descemet membrane 
retract due to their inherent elasticity. Fibrin and fibronectin fill the wound space, which 
provides a scaffold for migrating cells. As migrating epithelium fills the wound site, proper 
care should be given to appose the wound edges to prevent epithelial downgrowth. A 
stromal reaction, including the production of ECM by fibroblasts, ensues. The endothe- 
lium heals in a similar manner to that described for all epithelial tissue. Initially, there is a 
migration of cells over the wound site. If there is compromise of the basement membrane, 
in this case Descemet membrane, there is synthesis of a new one. 

Due to the avascular nature of the cornea, incisional wounds tend to heal slowly. Ani- 
mal models show that compared to intact tissue, central corneal wounds had less than 5% 
tensile strength at 1 week postinjury and 45% at 2 months postinjury. Also of importance 
is the fact that a denuded cornea significantly slows underlying stromal healing, which is 
demonstrated by a delay in gain of tensile strength when compared to wounded, non- 
denuded corneas. Highlighting the importance of vascular supply with respect to speed 
of healing is the fact that compared to that of intact tissue, corneoscleral wounds showed 
14%-24% tensile strength 1 week and 50% by 6 weeks. 


Practical Considerations 


Due to the nature of the tissue and its anatomical function, healing by primary intention 
(suture or glue closure) is required in full- and partial-thickness corneal wounds. Epithe- 
lial injury, however, is usually left to heal by secondary intention since the epithelial cells 
migrate over denuded areas in a very short period. In fact, most epithelial injury is fully 
healed in 72 hours. 

As previously mentioned, the avascular nature of the cornea is the single greatest 
obstacle to wound healing in this tissue. Accordingly, the surgeon must account for this 
fact in the choice of suture and technique. For example, central corneal wounds can take 
months to achieve even 50% tensile strength; therefore, semipermanent sutures are placed 
in order to maintain wound integrity during this prolonged period. Once again, in order 
to minimize scar formation (the cornea must remain clear), nylon monofilaments are 
used because they will minimize any cellular response. Topical steroids or immuno- 
suppressants such as cyclosporine and tacrolimus are again used to further retard cellular 
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response. This process will take several months. Interestingly, corneal epithelial healing 
seems only to be minimally retarded by steroid use in an otherwise healthy cornea. The 
same is not true of anesthetic corneas, in which lack of neurotropic factors retards epithe- 
lial healing. In these instances, steroid use must be modulated in order to avoid compli- 
cations. Autologous serum drops are often used in corneas to replace the trophic factors 
that are absent in neurotrophic corneas. The technique with which the sutures are applied 
is also important in wound contracture modulation. Given the circular nature of most 
central corneal wounds as well as the anatomical curvature of the cornea, the use of inter- 
rupted sutures is necessary in order to be able to modify the wound contracture to avoid 
astigmatism. 


Scleral Wound Healing 





Scleral tissue heals by the formation of granulation tissue despite its relatively few native 
vessels. Depending on the anatomical site of injury, the sclera derives the cellular con- 
stituents needed for healing from nearby vascular components. Superficial scleral injury 
engages the overlying episcleral vessels. If the inner sclera is compromised, the underlying 
choroidal vessels contribute. A perforating injury results in granulation tissue derived 
from both vascular sources. 

Pertinent to the issue of scleral wound healing is the topic of strabismus surgery. Ani- 
mal studies have shown that for 4-5 days after muscle surgery the musculoscleral junction 
is forming but has no tensile strength; after this phase there is a linear increase in tensile 
strength of the musculoscleral junction. By postoperative day 8, a tensile strength of 
300 grams (well over the tension—100 grams—produced by the muscle in extreme lateral 
gaze) was found in both recession and resection cases. 


Practical Considerations 


Due to the nature and function of the sclera, healing by primary intention is necessary. 
Scleral wounds, similarly to corneal wounds, require longer healing time due to the rela- 
tive avascularity of the tissue. Prevention of scleral scar formation is less important, as 
clarity of the tissue is not primary. Nonetheless, wound contracture and cellular response 
must be mitigated, as they can affect visual outcome. 

The relatively avascular nature of the tissue mandates choice of suture material, but 
only in part; the size and anatomical location of the scleral wound determines which ma- 
terial should be used. For example, the scleral wounds created in the pars plana during 
some larger gauge vitrectomy surgeries are usually closed with polyglactin sutures. The 
absorbable material increases cellular response at the wound site and speeds the repair 
process. In this case, there is no underlying retina, and the danger of neovascularization 
is minimal. In contrast, more posterior scleral wounds, such as those seen in ruptured 
globe cases, must be closed with nonabsorbable nylon monofilaments. In these cases, 
tensile strength is paramount. It may take sclera several months to achieve 50% tensile 
strength, and the tissue may never achieve the same tensile strength as the surrounding 
uninjured tissue. Therefore, there is an increased risk of rupture at this site. In addition, 
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the choroid underlies these wounds and the nylon monofilaments minimize the risk of 
neovascularization. 

Strabismus surgery presents a different aspect of scleral healing. The musculoscleral 
wounds in these operations heal at a much faster rate due to the highly vascularized mus- 
cle, which provides a desirable increased cellular response; the speed of healing may be 
further increased by the use of absorbable suture material (polyglactin). However, the fact 
that healing times are not significantly prolonged by use of the “hang back” technique (in 
which the suture is merely a placeholder) as compared to the “crossed swords” technique 
(in which the muscle is tightly reapposed to the scleral insertion) would seem to indicate 
that the presence of suture material minimally influences cellular response in these cases. 


Uveal Wound Healing 





While the ciliary body and choroid heal through deposition of granulation tissue and sub- 
sequent scar formation, the iris behaves differently. The anatomy of the iris lesion dictates 
whether healing takes place. A lesion oriented perpendicularly to the radial fibers allows 
the radial muscles to pull the wound edges apart, gaping the wound. Wound healing usu- 
ally does not extend across the gap. A lesion oriented parallel to the radial fibers leaves 
the wound edges closely approximated. Subsequently, iris epithelium begins to migrate to 
cover the wound and stroma begins to secrete collagen fibrils and ground substance. 
Fig 19-6 shows examples of pathology related to laser peripheral iridotomies. 


Modifying Wound Healing 





Scarring of any ocular tissue can result in decreased vision and a subsequent increase in 
patient morbidity. Current research includes methods to modify the steps of wound heal- 
ing to reduce poor visual outcomes. 


Wound Closure Materials 


A simple means of modifying wound healing is in the choice of suture materials. If more 
rapid healing is desired, then sutures capable of inducing an inflammatory reaction are 
used. These include gut and silk. If inflammation is not desirable, monofilament sutures 
such as polypropylene and nylon may be used. In some procedures it may be desirable to 
use both types of sutures. For example, in a limbal-based trabeculectomy, nylon sutures are 
used to close the scleral flap, as inflammation and scarring in this area are undesirable— 
they inhibit aqueous flow around the flap. However, use of a polyglactin suture to close the 
conjunctiva allows scarring and brings about a watertight closure. Table 19-1 compares 
suture materials (also see Chapter 9). 

Commercially available bioadhesives such as cyanoacrylate are used to aid in skin, 
conjunctiva, and cornea wound closures. Bioadhesives may even be able to replace su- 
tures in some cases, as they may contribute to shorter duration of surgery, lower risks, and 
improved healing times. Fibrin glue consists of fibrinogen and thrombin, which, when 
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Figure 19-6 Argon (A), diode (B), and Nd:YAG (C) laser iridotomies. Note that iris pigment 
epithelium is intact up to the border of the argon and diode laser iridotomies, but is absent 
in the Nd:YAG laser iridotomy. This may account for the lower closure rate experienced with 
Nd:YAG laser iridotomy, as pigment migration and plugging account for most cases of closure. 
(Reproduced, with permission, from Gamell LS, Saunders T, Schuman JS. Laser peripheral iridotomy. In: Kahook M and 
Schuman JS, eds. Chandler and Grant's Glaucoma. 5th ed. Thorofare, NJ: Slack; 2013:503.) 





Table 19-1 Comparison of Suture Materials and Properties 








Cellular Time to 
Example Material Filament Type Response Absorbable? Resorption 
Gut (plain) Bovine intestine Monofilament Marked Yes 5-7 days 
Gut (chromic) Bovine intestine Monofilament Marked Yes 2-3 weeks 
Mersilene Polyethylene Braided Mild No N/A 
terephthalate 
Nylon Nylon Mono- or None to mild No N/A 
multifilament 
Prolene Polypropylene Monofilament None to mild No N/A 
Silk Silk Braided Mild to No N/A 
moderate 
Vicryl Polyglactin Braided Moderate Yes 6-8 weeks 


(monofilament 
available) 
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Figure 19-7 Hydrogel sealant (ReSure) on a 
clear cornea cataract incision. (Courtesy of Terry 
Kim, MD.) 





mixed form a fibrin clot. It has reported uses in a variety of ocular operations, including 
pterygium repair, strabismus surgery, implantation of glaucoma drainage devices, repair 
of wound leaks, amniotic membrane transplant, vitreoretinal surgery, corneal surgery, 
eyelid and adnexal surgery, and lens-fixation surgery, among others. ReSure (Fig 19-7) is 
a polyethylene glycol liquid that is placed on clear corneal incisions at the end of cataract 
surgery and then polymerizes into a hydrogel. It may be used in place of a suture in ap- 
propriate cases. 


Wound Healing Enhancers 





Some wound healing enhancers may aid in both the speed and the strength of surgical and 
wound recovery. Amniotic membrane (AM) possesses many important properties that 
make it very useful in aiding wound healing or reconstruction of ocular surface tissues. 
It can be utilized as a basement membrane substitute or graft material. With its protein 
structure and growth factors, coupled with antiinflammatory and anti-scarring modula- 
tors, it encourages epithelial healing. Uses include reconstruction of the conjunctiva and 
corneal epithelium (Fig 19-8). ProKera is amniotic membrane on a thermoplastic ring 
that can be placed on the eye, much like a contact lens, to treat ocular surface pathology. 
Autologous serum drops have been shown to aid in corneal epithelial healing, due to 
their concentration of growth factors, nutrients, and antibodies. Uses include treatment 


Figure 19-8 Slit-lamp photograph of an am- 
niotic membrane disc sutured to the cornea 
with a 10-0 nylon running stitch, used to 
treat painful bullous keratopathy. Note the 
scalloped retraction between suture passes 
along the lower edge of the membrane. (Modi- 
fied from Said, DG et al. Histologic features of transplanted 
amniotic membrane: implication for corneal wound heal- 
ing. Ophthalmology. 2009;116:1289.) 
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for dry eye, persistent epithelial defects, and reconstruction of corneal or conjunctival 
surface. 


Anti-Inflammatories 


The administration of corticosteroids reduces postoperative inflammation, which affects 
all stages of wound healing. In the acute stages, corticosteroids interfere with neutrophil 
adherence to vessel walls and migration. Later in the process, they inhibit the formation 
of plasmin through action on plasminogen activators, thereby preventing degradation of 
fibrin (whose products aid in recruitment of neutrophils) and preventing activation of 
MMPs. They further impair inflammation by lymphocytolysis. 

Nonsteroidal antiinflammatory drugs (NSAIDs) have been shown to inhibit some cell 
adhesion interactions in the early stages of inflammation. NSAIDs nonspecifically inhibit 
the isoforms of cyclooxygenase, the enzyme necessary for the transformation of arachi- 
donic acid into prostaglandins, which are vasoactive substances that indirectly facilitate 
leukocyte migration. Studies have shown that topical NSAIDs may have a negative effect 
on normal corneal wound healing because through the induction of early synthesis of 
MMPs by corneal epithelium, they destroy newly deposited ECM. 


Antiproliferative Agents 


The use of antiproliferative agents to delay postsurgical scarring is the current gold stan- 
dard in glaucoma filtration surgery. The 2 most common agents are 5-fluorouracil (5-FU) 
and mitomycin C. 5-FU, a pyrimidine analog, inhibits RNA synthesis through its conver- 
sion to 5’-uridine monophosphate (5-UMP) and its subsequent incorporation into the 
mRNA. DNA synthesis is inhibited through its conversion to deoxyuridine 5’ phosphate, 
which inhibits thymidylate synthesis. Mitomycin C, an antibiotic, inhibits DNA synthesis 
through its ability to cross-link DNA molecules and induce single-strand breaks. 

While these therapies have improved the success of glaucoma surgeries (Fig 19-9), 
limitations remain. While single exposure to antiproliferatives impairs fibroblast replica- 
tion, it does not stop them from secreting growth factors, expressing growth factor recep- 
tors, and producing ECM matrix molecules. 

Administration of cyclosporine A, an immunosuppressive agent, may lead to a de- 
crease in wound healing parameters. Caution is needed when using these treatments due 
to possible systemic health risks as well as localized complications. 

Possible future therapies include modification of gene expression, antisense oligo- 
nucleotides, gene transfers, neutralizing monoclonal antibodies, and ribozymes. It is likely 
that a “cocktail” of therapeutic agents that target different components of the wound heal- 
ing process to optimize surgical outcomes will be the standard of care. 


The Ultimate Goal 





In summary, this chapter has sought to provide a solid base of knowledge on the healing 
process. Young ophthalmologists, who are the future of the field, are challenged to spur 
novel ideas about how to modulate wound healing on the molecular level. The short- and 
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Figure 19-9 Two months after a trabeculectomy with mitomycin C and subsequent 5-fluorouracil 
injections given superotemporally. Note (a) the nylon sutures that had been lysed with laser 
and (b) gaping around sclera flap. The limbal polyglactin suture has dissolved (c). Note (d) 
the avascular tissue and severe thinning of conjunctiva superotemporally as an effect of the 
antifibrotic agents. The lack of injection is due to aggressive topical steroid therapy. (Courtesy of 
Frank Moya, MD.) 


long-term goals of improving surgical outcomes coincide well with the ultimate goal of 
optimal patient care. 


Key Points 





e Wound healing by first intention involves approximation of wound edges with 
sutures, which results in less scarring, while healing by secondary intention in- 
volves unapposed wound edges and granulation tissue formation, with more 
scarring. 

e Corneal wound healing is prolonged due to avascularity, and requires permanent 
sutures to maintain wound approximation and prevent scarring. 

e Wound healing may be modulated by the suture choice and closure type as well as 
antiinflammatory and other immunomodulatory agents that may either suppresses 
or encourage the healing process. 
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Self-Assessment Test 





1. Conjunctival and skin wound healing is characterized by which of the follow- 
ing? (Choose all that apply.) 
. inflammation and coagulation 
. invading fibroblasts and endothelial cells 
. angiogenesis, modulated by VEGF 
. epithelialization, modulated by EGF 
. all of the above 
2. Corneal wound healing differs from conjunctival and scleral wound healing in 
which of the following ways? (Choose all that apply.) 
a. lack of vascular stage 
b. neutrophils are not involved 
c. slower healing 
d. epithelial plugs may facilitate wound healing 
3. Time to regain approximately 50% tensile strength after wound creation in cor- 
nea versus corneoscleral tissue is? 
a. 6 weeks versus >2 months 
b. >2 months versus 6 weeks 
c. 1 week versus 3 weeks 
d. 3 weeks versus 1 week 
4. Which of the following may delay wound healing? (Choose all that apply.) 
a. corticosteroids 
b. 5-FU 
c. cyclosporine 
d. absorbable suture material 


conn FP 


For preferred responses to these questions, see Appendix A. 
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Dressings are placed at the conclusion of many ophthalmic procedures, although some 
operations do not require them, and they are used less frequently than in previous years. 
Each surgeon has his or her own preferences for the use and selection of dressings; for the 
same ophthalmic procedure, some surgeons will choose to use a dressing and others will 
not. This chapter reviews the major advantages and disadvantages of ophthalmic post- 
operative dressings, the major surgical procedures for which these dressings are typically 
used, the materials commonly used, and techniques for placement of pressure and non- 
pressure dressings. 


Advantages and Disadvantages of Postoperative Dressings 





The advantages of postoperative dressings include 


absorption of blood and ocular secretions 

mitigation of double vision caused by effect of local anesthetic on ocular motility 
reduction of postoperative edema, especially if applied with pressure 

reduction of injury risk to the operated site, especially in children 

in some cases, increased patient comfort (eg, in the presence of a large epithelial 
defect) 

prevention of exposure keratopathy after procedures involving an eyelid block and/ 
or retrobulbar or peribulbar anesthesia 

in major orbital surgeries, prevention of the accumulation of fluid and blood in 
empty spaces (pressure dressing) 


The disadvantages of postoperative dressings include 


e patient discomfort, due to tightness, itching, and/or excessive warmth 

e possible delay of the diagnosis of complications such as infection or excessive 
bleeding 

e prevention of the administration of topical medications until removal of the dressing 

e in some cases, delay of the healing process 

e production of exposure keratopathy (if improperly applied) 

e rare complications such as central retinal artery occlusion (with pressure dressings) 
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e damage to delicate eyelid tissues (if not carefully removed) 
e skin irritation or allergic reactions from adhesive tapes 


In selected cases, it may thus be preferable to defer the use of a dressing. 


Indications 





A dressing is typically applied after the following ophthalmic procedures: 


major ophthalmic plastic procedures, including surgery of anophthalmic sockets 
and placement of free skin grafts 

vitreoretinal surgery, including pars plana vitrectomy or scleral buckle 

penetrating or lamellar keratoplasty 

trabeculectomy or tube shunt placement 

extracapsular cataract extraction 

pterygium excision with conjunctival autograft 

ocular surface reconstruction, including limbal stem cell transplantation and amni- 
otic membrane transplantation 

adjustable suture strabismus surgery, in order to provide comfort and to protect the 
sutures from dislodgment 

any intraocular procedure in a child 

any procedure for which an eyelid block and/or retrobulbar or peribulbar anesthe- 
sia is used, to prevent exposure keratopathy from lagophthalmos 

any procedure in which a large epithelial defect is created, either intentionally or 
unintentionally 

any procedure in which considerable postoperative conjunctival edema is antici- 
pated (eg, some strabismus reoperations) 


A dressing is typically not applied after the following ophthalmic procedures: 


most minor ophthalmic plastic procedures, including ptosis surgery or minor eyelid 
procedures 

any orbital surgery, as patching may conceal vision-threatening retrobulbar 
hemorrhage 

uncomplicated phacoemulsification or minimally invasive glaucoma surgery with 
topical anesthesia (shield only) 

strabismus surgery 

laser refractive surgery (shield only) 


Supplies 





Table 20-1 lists the soft dressing materials, eye shields, tape, and other supplies used in 
applying dressings. Key points about these items include 


e Telfa (3M) nonadherent dressing is indicated as the first layer if removal of the 
patch could damage delicate tissues beneath it, such as skin grafts. One piece of 
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Table 20-1 Supplies for Dressings 
Category 


Soft dressing materials 


Type 
Telfa 


Oval eye pads 
Gauze 
Tegaderm 


Eye shields Adult versus child size 
Right versus left 
Plastic versus metal 
Tape Paper 

Silk 

Plastic 

Elastoplast 


Other Steri-Strip 
Skin adhesive (eg, Mastisol) 





Figure 20-1 Telfa is cut to proper size to cover 
a Surgical incision. (illustration by Mark M. Miller.) 





Telfa is cut slightly larger than the wound or graft and is placed gently on the inci- 
sion site (Fig 20-1). 

Oval eye pads are used for most dressings. The standard technique for nonpressure 
or pressure dressings is outlined in the next section. 

Gauze can be used as part of a large pressure dressing or in place of a dressing 
altogether. After some minor oculoplastic procedures, ice-soaked gauze is applied 
directly on the incision site immediately at the conclusion of surgery. 

Eye shields can be used with or without soft dressings beneath them. They are often 
used without a soft dressing after uncomplicated phacoemulsification with topical 
anesthesia. They are sometimes used at night only to prevent unintentional injury 
to the surgical site from unconscious rubbing of it. A clear plastic eye shield without 
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an underlying eye pad is particularly useful for monocular patients or those whose 
better-seeing eye is being shielded. 

Tape is available in many materials, including paper, silk, plastic, and Elastoplast (a 
stretchable dressing from Beiersdorf, in Germany). Paper tape is extremely lightweight 
and generally causes less skin irritation than other types. Silk and plastic tapes are 
stronger than paper tape and are more easily torn into pieces with square edges. Elas- 
toplast can be used when a large amount of pressure is required to the surgical site. 
Steri-Strip skin closures (3M) are thin, adhesive paper-based strips. They are some- 
times used with a skin adhesive and without a dressing for minor oculoplastic pro- 
cedures to reduce wound tension. 

Tegaderm (3M) is a transparent waterproof dressing with high adherence. It can be 
used as a postoperative eye dressing in children. Because children often attempt to 
remove dressings prematurely, Tegaderm can in some cases be more secure than 
using dressings or tape with loose ends that can be pulled. 


Technique for Dressing Placement 





If the decision is made to use a dressing, it should be placed neatly; it is the first impression 
of the results of surgery for both the patient and the family. The tape should be clean, its 
pieces should be approximately the same length, and its ends should be square. Dressings 
are almost never placed on both eyes because of the psychological impact of bilateral oc- 
clusion. Exceptions include bilateral enucleations and bilateral intraocular surgery, some- 
times performed in infants with cataracts or glaucoma. 


Nonpressure Dressing With a Shield 


1. 
2. 


An eyedrop or ointment is usually administered just before a dressing is placed. 
Several (usually 4 or 5) pieces of tape of approximately the same length are pre- 
pared ahead of time and placed in a convenient location (eg, the edge of a table) 
near the patients head. If the patient has a history of allergic or irritant contact 
reaction to a certain medical adhesive, a different type of tape should be used. 


. An oval eye pad is oriented horizontally and placed directly above the closed upper 


eyelid. To prevent the eyelid from opening under the eye pad, it can be closed by 
tape or a Steri-Strip before eye pad placement. 


. The superior end of the first piece of tape is placed on the patient’s forehead, and 


the tape is directed inferiorly and slightly temporally through the center of the eye 
pad to the patients cheek (Fig 20-2). Great care is taken not to apply downward 
pressure on the eye during this maneuver. The inferior edge of the tape should be 
placed in the middle of the cheek and not too close to the corner of the patient’s 
mouth. The tape should not be placed over the patient’s hairline, or removal post- 
operatively will be difficult and painful, especially in children. 


. Other pieces of tape are applied in a similar manner, progressively nasal and tem- 


poral to the center piece until the entire eye pad is covered (Fig 20-3). 


. A shield that is appropriate for the patient’s eye (left or right) and age (child versus 


adult) is then applied over the patch. 
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Figure 20-2 First piece of tape applied over Figure 20-3 Appearance after all pieces of 
center of eye pad. (Courtesy of David K. Wallace, MD, tape applied to soft dressing. (Courtesy of David K. 
MPH.) Wallace, MD, MPH.) 


Figure 20-4 Final appearance of dressing 
after shield placement. (Courtesy of David K. Wal- 
lace, MD, MPH.) 





7. A single piece of tape placed in the same orientation as the first piece placed over 
the eye pad is usually sufficient to secure the shield (Fig 20-4). 

8. The edges of the shield should be in contact with the bones surrounding the orbital 
rim (Fig 20-5A). If the edges are not in contact with these bones, any force exerted 
on the exterior of the shield is transmitted posteriorly to the eye instead of to the 
facial bones (Fig 20-5B). 


Pressure Dressing 


The technique is similar to that for a nonpressure dressing, except that with a pressure 
dressing, the goal is to exert significant downward pressure on the wound to prevent post- 
operative edema and/or hemorrhage. Two oval eye pads or an eye pad with gauze is used. 
It may be useful to have an assistant place gentle downward pressure on the dressing while 
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Figure 20-5 Shield placement. A, Proper placement of a shield in contact with facial bones 
(side view). B, Improper placement of a shield with edges not in contact with facial bones (side 
view). (Courtesy of David K. Wallace, MD, MPH.) 


Figure 20-6 Technique for creating a pressure 
dressing by lifting the cheek superiorly before 
placing the inferior portion of the tape. (Courtesy 
of David K. Wallace, MD, MPH.) 





the tape is placed. The maximum amount of pressure from the dressing is obtained by lift- 
ing the cheek superiorly before attaching the inferior end of each piece of tape (Fig 20-6). 
A skin adhesive such as Mastisol (Eloquest Healthcare) or tincture of benzoin solution can 
help to seal the tape in the proper position. An eye shield is generally not needed. 


Postoperative Instructions 





Patients should be instructed regarding the normal postoperative course and any signs or 
symptoms that should prompt a call to the surgeon. When a dressing has been applied, 
some tightness and/or itching can be anticipated. The dressing may normally become wet 
with tears or tinged with blood. Patients should be instructed to call the surgeon if they 
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experience excessive bleeding or pain, an unusual amount of swelling or bruising, or a 
fever. In some cases, the patient may be instructed to remove the dressing on the same day 
as surgery. In other cases, it is left in place as long as 2 postoperative days. If the patient 
is examined on the first postoperative day, the dressing will usually be removed by the 
surgeon or by one of the office staff. 


Dressing Removal 





Dressings should be carefully removed by the surgeon, office staff, or, when appropriate, 
the patient or his or her caregiver at home. Care should be taken to avoid pressure on the 
eye during dressing removal. If the tape is stuck firmly to the skin or hair, removal can be 
briefly painful, and reassurance is useful. If the eyelids are stuck together by dried secre- 
tions, sterile irrigating solution can be used to cleanse the lashes and allow the eye to open. 


Key Points 





e Postoperative dressings protect the operative site from injury, reduce tissue fluid 
accumulation and absorb secretions, and may increase patient comfort. 

e Disadvantages of dressings include patient discomfort, possible delay of the diag- 
nosis of complications such as infection or excessive bleeding, prevention of the ad- 
ministration of topical medications prior to removal, and potential complications 
such as keratopathy, tissue damage, and allergic reactions. 

e Dressings are typically applied after pediatric intraocular procedures, major intra- 
ocular procedures, procedures involving an eyelid and/or peribulbar/retrobulbar 
block, vitreoretinal surgery, and major oculoplastic procedures. 

e Precautions for placing postoperative dressings include confirmation of eyelid clo- 
sure before placing the dressing, placement of the shield so that its edges rest on the 
facial bones, and avoidance of excess pressure on the globe. 


Lewis C, Traboulsi EI. Use of Tegaderm for postoperative eye dressing in children. AAPOS. 
2008;12(4):420. 


Self-Assessment Test 





1. What are the benefits of postoperative dressings? (Choose all that apply.) 
a. reduction of tissue fluid accumulation 
b. prevention of infection 
c. protection of the operative site from injury 
d. prevention of central retinal artery occlusion 
2. What are disadvantages of postoperative dressings? (Choose all that apply.) 
a. delayed diagnosis of complications 
b. prevention of application of topical medications 
c. identification of the surgical site 
d. possible tissue damage 
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3. What precautions should be taken when placing an ophthalmic postoperative 
dressing? (Choose all that apply.) 
a. Ensure that no antibiotic ointment touches the cheek. 
b. Confirm that the eyelids are closed before placing the dressing. 
c. Make sure the edges of the shield rest on the facial bones. 
d. Avoid excess pressure to the globe while applying the dressing. 
4. After which of the following surgical procedures are postoperative dressings 
commonly applied? (Choose all that apply.) 
a. trabeculectomy 
b. procedures involving an eyelid and/or retrobulbar block 
c. bilateral strabismus surgery 
d. vitreoretinal surgery 


For preferred responses to these questions, see Appendix A. 
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Ocular tissue is often removed for therapeutic or diagnostic reasons. Intraocular fluids 
such as vitreous may be removed as well. Most ophthalmic surgical specimens are small 
and delicate. Consequently, it is important to handle specimens with proper care and 
planning in order to facilitate accurate and timely diagnosis. While this chapter is a brief 
introduction to the proper handling of ocular surgical specimens, many books and insti- 
tutional manuals are devoted to the subject. For further reading, refer to the selection of 
resources at this end of this chapter. 


Preoperative Planning, Cryosection, 
and Routine Handling of Specimens 





In the collection of specimens for both cryosection and routine processing, the surgeon 
and the operating room staff must be familiar with the proper handling of ocular tissues. 
Specimens are sent for cryosection (“frozen sectioning”) in order to guide intraoperative 
patient management. These specimens are processed and read while the patient is still in 
the operating theater. Remaining or additional tissue is sent for permanent sections that 
are used to arrive at a final diagnosis. Preoperative planning with the hospitals pathol- 
ogy laboratory is necessary to ensure that staff is available at the time of the procedure. 
Routine specimens are sent for processing “fresh” (not in any way preserved, eg, pickled 
in formalin or alcohol) or in a fixative and are read after the patient has left the operating 
theater. 

In preoperative preparations for working with specimens, consider the following steps: 


1. Become familiar with standard operating procedures. Most institutions have stan- 
dard operating procedures for specimen collection, handling, billing, and re- 
porting. These have been developed in consultation with the laboratory that will 
handle and process the tissues, as well as the pathologist who will examine the 
gross specimens and microscopic slides. 
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Check supplies. Specimen containers and preservatives, labels for the containers, 
requisitions, and packaging for transportation should all be immediately available. 
Check posted information. Contact information for the laboratory and the patholo- 
gist should be posted. Procedures for billing and reporting on the specimen should 
be outlined. 

Consult the pathologist and the laboratory in advance. Consultation with the pa- 
thologist and the laboratory prior to starting a surgical procedure is paramount 
if there is uncertainty about how to handle a particular specimen, if an urgent 
diagnosis is required, if fresh material is to be sent, if specialized procedures (eg, 
electron-microscopy, immunohistochemistry, flow cytometry) are anticipated, or 
if frozen sectioning is planned or anticipated during surgery. 


Supplies and Equipment, Requisitions 





Table 21-1 lists common fixatives used in ophthalmic pathology. The most commonly 
used fixative is 10% neutral buffered formalin. The general recommendation for the quan- 
tity of formalin is 10 times the volume of the tissue specimen. There are some important 
exceptions to this general guideline for a fixative, depending on the type of tissue, the clin- 
ical diagnosis, and the reason for the biopsy. It should be noted that saline is not a fixative. 
See guidelines later in this chapter for individual tissue type and specialized procedures. 
Table 21-2 lists common stains used in ophthalmic pathology; Figs 21-1, 21-2, and 
21-3 show examples of various stains. Certain stains are useful only if they are on fresh 
or properly fixed tissue. This should be coordinated with the laboratory prior to the day 


Table 21-1 Common Fixatives Used in Ophthalmic Pathology 


Fixative Color Examples of Use 

10% neutral-buffered formalin Clear Routine fixation of all tissues (eg, eyelid, 
conjunctiva, globe, orbital) 

Bouin solution Yellow Small biopsies (eg, gastrointestinal tissue, 
conjunctiva) 

Absolute ethanol or methanol Clear Crystals (eg, corneal urate crystals) 

Cytology fixatives (ethanol, Variety of Liquid specimens or smears (eg, vitreous, 

methanol, or Saccomanno colors aqueous, fine-needle aspirates, corneal 
fixative) smears) 

Glutaraldehyde Clear Electron microscopy (eg, renal biopsy, 
corneal microsporidia) 

Michel or Zeus transport medium* Clear Immunofluorescence (eg, conjunctival 
biopsy for mucous membrane 
pemphigoid) 

Roswell Park Memorial Institute Pink, salmon Tissue culture (eg, orbital tumor for 

(RPMI) tissue culture medium* cytogenetics or flow cytometry) 





*Not a true fixative, but prolongs tissue decomposition. 


Reprinted from Basic and Clinical Science Course, Section 4: Ophthalmic Pathology and Intraocular 
Tumors. American Academy of Ophthalmology, 2018. 


CHAPTER 21: Handling of OcularTissues for Pathology è 257 





Table 21-2 Common Stains Used in Ophthalmic Pathology 


Stain 


Hematoxylin and eosin (H&E) 
Periodic acid—Schiff (PAS) 


Alcian blue 
Alizarin red 
Colloidal iron 
Congo red 


Crystal violet 


Fite-Faraco 
Giemsa, Wright-Giemsa 


Gram stain (tissue Brown & 
Brenn [B&B] or Brown 
Hopps [B&H] stain) 


Gomori or Grocott 
methenamine silver (GMS) 


Masson trichrome 


Perls Prussian blue 
ThioflavinT (ThT) 


Verhoeff-van Gieson (elastic) 


von Kossa 
Ziehl-Neelsen 


Material Stained: Color 
Nucleus: blue 
Cytoplasm: red 


Glycogen and proteoglycans: 
magenta 


Acid mucopolysaccharide: blue 
Calcium: red 
Acid mucopolysaccharide: blue 


Amyloid: red-orange, apple green 
with polarized light (dichroism) 


Amyloid: magenta 
(metachromasia) 


Some acid-fast organisms: red 


Some bacteria and parasites: 
blue 


Bacteria positive: blue 
Bacteria negative: red 


Fungal elements: black 


Collagen: blue 
Muscle: red 


Iron: blue 


Amyloid: fluorescent 
yellow-white 


Elastic fibers: black 


Calcium phosphate salts: black 
Acid-fast organisms: red 


Example 


General tissue stain 
Descemet membrane 


Cavernous optic atrophy 
Band keratopathy 
Macular dystrophy 
Lattice corneal dystrophy 


Lattice corneal dystrophy 


Mycobacterium leprae 


Conjunctival Chlamydia 
(eg, trachoma), corneal 
Acanthamoeba 


Bacterial infection 


Fusarium 


Granular dystrophy 
Red deposits 


Fleischer ring 
Lattice corneal dystrophy 


Temporal artery elastic 
layer 

Band keratopathy 

Mycobacterium 
tuberculosis and most 
other mycobacteria 





Reprinted from Basic and Clinical Science Course, Section 4: Ophthalmic Pathology and Intraocular 
Tumors. American Academy of Ophthalmology, 2018. 


of surgery. Often a specimen is divided: half of it will be submitted for fresh processing 
and the other half for processing with a fixative. Formalin-fixed specimens should be sub- 
merged in a sufficient quantity of formalin. It is helpful to place membranous tissue, such 
as the conjunctival biopsy, epithelial side up on a piece of paper before it is submerged in 
the fixative. 

Specimens that are to be sent to the laboratory for fresh processing should not be al- 
lowed to dry out. They should be placed in a labeled container on a piece of gauze that has 
been moistened in saline, and refrigerated immediately. If microbiological culture will be 
obtained, the microbiology laboratory should be alerted in advance for proper handling 
and transportation of the specimen. 
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Figure 21-2 Keratoconus. Masson trichrome 
Figure 21-1 Hematoxylin and eosin-stained stain demonstrates focal disruption of the 
section of an intraocular tumor specimen. Bowman layer (arrow). (Courtesy of Hans E. Gross- 
(Courtesy of Hans E. Grossniklaus, MD.) niklaus, MD.) 


Figure 21-3 Epithelial basement membrane 
dystrophy (EBMD, map-dot-fingerprint dys- 
trophy). Periodic acid—Schiff (PAS) stain 
highlights numerous folds (arrowheads) in the 
epithelial basement membrane. (Courtesy of 
George J. Haracopos, MD.) 





Labeling of Specimen Containers 





All specimens should be properly labeled with the patient’s name and date of birth, patient 
location, type of specimen, surgical site (including laterality), surgeon’s name, and the date 
and time of collection. When there are multiple specimens from the same patient, each 
specimen should be identified and placed in a separate labeled container. If there are mul- 
tiple fragments from the same specimen (such as in the case of a ruptured globe), these 
may be all placed in the same container. 


Specimen Requisitions 





There should be a separate requisition form for each specimen container, and the demo- 
graphic information on the form and the container should match. For accurate interpreta- 
tion of the findings, the pathologist needs adequate clinical information. The completed 
requisition form should include: 


e patients name 
$ > . 
e patients medical record number 
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e patient’s date of birth 

e patient’s sex 

e name of surgeon 

e date and time specimen obtained 

e type and location of the specimen (a sketch would be helpful) 

e laterality (right or left) 

e relevant clinical information in adequate detail to guide the pathologist 
e contact information of the clinician 


Figure 21-4 shows an example of a pathology slip. 


Transportation 





The specimen containers, accompanied by the requisitions, should be transported as 
quickly as possible to the laboratory, which should already have been notified of the 
specimen-processing plan. 

A fresh specimen should be refrigerated, then hand delivered by an operating room 
staff member or a courier as soon as possible. To assure proper preservation and handling 
of the fresh tissue, the laboratory should be alerted ahead of time, especially if the sample 
is to be delivered after regular hours. Sometimes the fresh specimen is placed in a trans- 
port medium to prevent autolysis and to stabilize crystals. Always consult the laboratory 
prior to surgically removing the tissue specimen to make certain that the proper preserva- 
tive is readily available in the operating room. Surgical removal of the tissue specimen is 
beyond the scope of this chapter. 

Institutional protocol should guide the handling of radioactive specimens (eg, radio- 
active plaque used for melanoma). 


Frozen Sections 





A frozen section diagnosis is a planned team procedure. It requires close collaboration 
among the surgeon, pathologist, operating room staff, and the laboratory. The sur- 
geon should discuss the reasons for the frozen section with the pathologist in order to 
plan ahead for the length and timing of the procedure. Logistics involve the locations 
of the operating room and the frozen section laboratory, the time it would take for 
delivery of the biopsy specimen, and the facility for direct communication between the 
surgeon and the pathologist. In some instances it would be preferable for the patholo- 
gist to observe, directly in the operating room or remotely, as the specimen is being 
obtained. 

There are few indications for cryosection; its use can be justified when its results 
could alter a surgeon's approach to a surgical procedure or if it is necessary for initial di- 
agnosis. The most common indication is the need to identify surgical margins for eyelid 
malignancies, in order to ensure that the entire lesion has been resected and to preserve 
maximal normal tissue to maintain normal appearance and function. Other indications 
include: rapid diagnosis (most notably for pediatric tumors), determination of adequacy 
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Figure 21-4 Example of a pathology laboratory service request form. (Courtesy of Wills Eye Hospital.) 
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of tissue sample for permanent sections, and identification of lymphoproliferative le- 
sions that must undergo flow cytometry. Melanomas are best diagnosed with permanent 
sections. 

The surgeon needs to be aware that there are limitations to the accuracy and type of 
information that can be obtained with a frozen section. Final diagnosis is always based on 
permanent, not frozen, sections. If only a small amount of tissue is available, the surgeon 
should opt for permanent section to improve diagnostic accuracy. Lastly, surgeons must 
consider the additional operating time for the OR staff and patient as well as added cost 
when obtaining frozen sections. 


Pearls for Handling of Routine Specimens 





Eyelids 

Eyelid lesions are among the most common ophthalmic specimens sent for pathologic 
processing and analysis. Most eyelid specimens can be submitted in 10% neutral buff- 
ered formalin. If there is clinical suspicion of malignancy, proper orientation and mark- 
ing of the specimen and margins is necessary to allow the pathologist to provide the 
surgeon with useful information regarding the adequacy of excision. If there is a sus- 
picion of sebaceous cell carcinoma, the pathology laboratory should be consulted for 
the preferred method of handling, as routine processing will leach the lipid from the 
specimen. 

For wedge resections the surgeon commonly will use suture to provide specimen ori- 
entation (eg, a short suture superior and a long suture lateral). Some surgeons elect to 
“ink” (ie, mark with a surgical marking pen) their specimen margins themselves to pro- 
vide further orientation. It is also helpful to provide a diagram that indicates specimen 
orientation, which may be of particular help if separate tissue margins from the primary 
resection are submitted. 


Conjunctiva 


Conjunctival specimens for routine pathology are typically submitted in 10% neutral buff- 
ered formalin. Conjunctiva tends to curl or roll up following removal; therefore, the speci- 
men should be placed flat onto an absorbent surface such as filter paper or the cardboard 
tab used to turn a sterile gown and allowed sufficient time to adhere. Figure 21-5 shows a 
sketch of a clinical lesion that is excised and pinned to cardboard; the margins of resection 
are noted. 

If possible, the specimen should be marked with ink rather than suture. Do not put 
ink on the absorbent surface, as this will dissolve away in the formalin. Alternatively, the 
filter paper or cardboard can be notched to help orient the specimen (eg, 1 notch to denote 
superior, 2 notches to denote temporal, and so on.) This filter paper complex can then 
be placed in formalin, with the tissue side on top, and allowed to sink to the bottom as the 
fixative is absorbed. 
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Figure 21-5 Example of a conjunctival lesion placed on cardboard, pinned, and labeled to show 
margins. 


If multiple biopsies are taken, for example to map intraepithelial sebaceous cell car- 
cinoma, a sketch should be provided to indicate from where the biopsies are taken. Each 
biopsy should be placed in a separate container and appropriately labeled to match its 
location on the sketch. A clinical drawing aids the pathologist in orienting the specimen, 
especially in cases of neoplastic margins. 

In cases of suspected lymphoma, consult with the pathology laboratory prior to resec- 
tion, as special preparation may be required for flow cytometry evaluation. 

Conjunctival biopsies for cystinosis should be placed in 100% ethanol, as opposed to 
formalin, as the cystine crystals are water soluble. 


Cornea 


Routine corneal buttons may be placed in 10% neutral buffered formalin. If it is suspected 
that electron microscopy or assessment of lipid/crystalline deposits will be necessary, the 
pathology laboratory should be consulted prior to surgery. In either case, the corneal sam- 
ple should not be allowed to desiccate in open air before placement in fixative. 

Corneal biopsies and scrapings of corneal epithelium yield minute specimens that 
need to be handled appropriately if a diagnosis is to be obtained. If an infectious process is 
suspected, appropriate cultures should be sent to the microbiology laboratory. The quan- 
tity and the type of fixative used for the corneal biopsies/scrapings is critical in order to 
maintain an adequate amount of viable tissue for cytology as well as for microbiological 
cultures. 


Muscle 


Routine muscle specimens may be placed in 10% neutral buffered formalin and submit- 
ted to the pathology laboratory for light microscopy. This approach is useful for sus- 
pected inflammatory myopathies. If there is suspicion for a mitochondrial, congenital, or 
metabolic myopathy, fresh or frozen tissue may be required for enzyme histochemistry 
or immunohistochemical analysis. A section of fresh muscle may be wrapped in saline- 


CHAPTER 21: Handling of OcularTissues for Pathology © 263 


Figure 21-6 Example of temporal artery biopsy 
stretched and pinned to cardboard. 





Arterial segment stretched and pinned 
to the board 


moistened gauze and then placed on ice for transport or may be directly frozen in liquid 
nitrogen in the operating room. 

Although muscle biopsies are often taken from limb muscles, it is possible to use a 
section of orbicularis or levator, which can be taken at the time of ptosis repair or blepha- 
roplasty. It is best to avoid cautery of the muscle in order to avoid tissue artifact. If there 
is interest in extent of an infiltrative or malignant lesion, a suture may be used to provide 
orientation to the pathologist. 


Temporal Artery Biopsy 


Temporal artery biopsies for cases of suspected giant cell arteritis should be 2 cm or greater 
in length due to the “skip” nature of these inflammatory lesions. The biopsy specimens 
should be placed on a piece of stiff paper or cardboard, stretched to the length of the resec- 
tion, and pinned down before being placed in 10% neutral buffered formalin (Fig 21-6). 
Jars containing paraffin soaked in formalin and pins are commercially available as an 
alternative. If bilateral temporal artery biopsies are performed, they should be submitted 
separately in properly identified containers. 


Lacrimal System 

Most tissue from biopsy or excision of lacrimal gland and lacrimal sac can be placed in 
10% neutral buffered formalin, with the exception of suspected lymphoid lesions. Fresh 
tissue is often submitted for both flow cytometry and permanent sections in these cases. 


Descemet Membrane 


Tissue obtained after procedures such as Descemet-stripping endothelial keratoplasty 
(DSEK), Descemet-stripping automated endothelial keratoplasty (DSAEK), and Des- 
cemet membrane endothelial keratoplasty (DMEK) is routinely submitted to the pathol- 
ogy laboratory in 10% neutral buffered formalin. The specimen should be laid flat on a 
piece of paper prior to its being immersed in fixative. 


Iris 
Routine iridectomy specimens need not be sent to the pathology laboratory. However, any 
iris tissue removed for treatment or diagnosis of a tumor and any unknown lesion should 
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be submitted in 10% neutral buffered formalin for pathologic examination. A sketch of the 
clinical lesion should be included to provide proper orientation of the resection margins. 


Ciliary Body or Iridocyclectomy 


These specimens are usually removed due to suspicion of malignancy and are usually 
submitted in 10% neutral buffered formalin for confirmation of diagnosis and to study the 
surgical margins. The specimen should be accompanied by a detailed sketch that indicates 
the location of the tumor and identifies the resection margins. One of the margins, medial 
or lateral, should be identified by placement of a suture or with surgical ink. 


Evisceration 


Eviscerated tissue is handled as any routine specimen and submitted in a sufficient quan- 
tity of 10% neutral buffered formalin. The laboratory should be alerted if the presence 
of calcification or bone is suspected and if there is any question about the presence of a 
tumor or a foreign body. 


Exenteration 


These specimens require special handling due to the size and variety of diagnosis. No inci- 
sions should be made in the globe. To help in proper orientation of the specimen, identify 
horizontal and vertical rectus muscle with a long and a short suture. The specimen should 
not be wrapped in paper or gauze. Entirely submerge the specimen in an appropriately 
sized container with 10% neutral buffered formalin, generally about 200 mL. 

The pathologist should receive relevant clinical history, which includes the diagnosis, 
the patient’s previous surgical procedures, and presence of an intraocular lens or foreign 
body. Also include a sketch that details the location of the tumor, whether it is intraocular 
or external (such as on the eyelid or in the orbital space). If it is important to know the 
status of any resection margins, convey this information to the laboratory as well. 


Enucleation 


An enucleation specimen should be submitted in a container large enough to hold 10% 
neutral buffered formalin in a ratio of 10 times the volume of the globe. Do not make any 
incisions into the specimen. If placed in an appropriate volume of fixative, the globe will 
be properly fixed. 

If the eye is enucleated for a tumor, submit a sketch that indicates the location of the 
tumor in the eye. If presence of a foreign body, intraocular lens, calcification, or bone is 
suspected, indicate this on the requisition. Also include a description of prior trauma or 
surgery that has involved the enucleated eye. 


Choroidal and Retinal Tissue 


Biopsies of choroidal and retinal tissue are done infrequently. Since these specimens consist 
of sparse tissue that cannot easily be identified, wrapping them in tissue paper or applying 
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surgical ink aids in identification. If there is a need for cultures, the specimen should be 
placed in an appropriate medium after consultation with the microbiology laboratory. If 
electron-microscopy or other special analysis is anticipated, the laboratory should be con- 
sulted in advance for instructions about suitable preservatives and transportation. 


Orbital Tissue 


Orbital tissue is removed for diagnostic and/or therapeutic purposes. These specimens are 
usually submitted in a sufficient quantity of 10% neutral buffered formalin. Some orbital 
lesions such as orbital lymphoma or rhabdomyosarcoma require special handling and 
consultation with the laboratory, as discussed elsewhere in this section. 

Orbital tissue removed during decompression and strabismus surgery does not need 
to be sent for histopathologic examination. However, if there is any doubt about the di- 
agnosis, or to evaluate the degree of baseline inflammation and scarring, it would be 
appropriate to submit the tissue for evaluation. 

Any foreign body or bone removed from the orbit should be submitted for gross de- 
scription and documentation. 

Alllacrimal gland tissue should be sent to the laboratory for histopathologic diagnosis. 


Vitreous 


Vitreous samples are often obtained to assist in the diagnosis of tumors, intraocular infec- 
tions, or lympho-proliferative disorders. Besides routine cytology and histology, special 
tests may be indicated, including cultures, polymerase chain reaction-based testing, cyto- 
kine analysis, flow cytometry, and immunohistochemical tests. After appropriate speci- 
mens are taken for microbiology, an aliquot of the specimen should be fixed in an equal 
amount of preservation media or cytology fixative. 

Some laboratories may require that the specimen be sent fresh, immediately, for lym- 
phoma evaluation. Since the cellularity of vitreous is variable, it is best to send an undi- 
luted aliquot taken before infusion is started in addition to the entire vitrectomy fluid 
cassette at the end of the case. Contents of the vitrectomy fluid cassette can be spun down 
on a centrifuge to prepare a cell block or a cytospin preparation, which is then processed 
like a block of tissue. Always consult the laboratory to determine which preservative and 
what quantity should be used. Refrigerate the specimen if there is any delay in transport- 
ing it to the laboratory. 


Special Procedures 





For the following special procedures, contact the laboratory and the ocular pathologist 
prior to obtaining the specimen to determine how it should be collected, preserved, and 
transported: 


e immunohistochemistry 
e immunofluorescence 
e electron-microscopy (EM) 
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special stains 

microbiological cultures 

e genetic typing 

e investigation of metabolic disorders such as gout, cystinosis, storage diseases, and 
so on 


Special preservatives, such as the glutaraldehyde for electron-microscopy or 100% 
ethanol for storage disease such as cystinosis or gout, will have to be arranged with the 
laboratory. 


Gross Specimens Only 





Some specimens normally do not require microscopic evaluation. They should be submit- 
ted in 10% neutral buffered formalin for preservation and decontamination and sent to 
the laboratory for gross description and documentation. Examples include lenses, foreign 
bodies, and redundant eyelid skin. 


Key Points 





e The most common specimen preservative is formaldehyde (10% neutral buffered 
formalin). 

e Always consult the laboratory for special instructions when requesting specialized 
tests such as tissue marker tests, electron microscopy, and immunofluorescence. 

e The pathologist should receive the patient's detailed clinical history. 

e All specimens should be properly labeled with the patients name, date of birth, 
and location within the facility; specimen type; site (including laterality); surgeon's 
name; date; and time. 

e The laboratory and the pathologist should be consulted ahead of surgery for com- 
plicated surgical excisions, for frozen sections, and when there is uncertainty about 
how to handle the specimens. 
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Self-Assessment Test 





1. The ophthalmic surgeon takes several conjunctival biopsies for suspected seba- 
ceous cell carcinoma. Which of the following is an appropriate way to handle 
the tissue? 

a. Put all specimens in one formalin-filled container. 

b. Submit each specimen in a separate formalin-filled container and properly 
label each container with indication of the biopsy site. 

c. Submit all specimens fresh in one container. 

d. Wrap each specimen in moist gauze, submit in separate containers, and de- 
liver to the laboratory expeditiously. 

e. bandd 

2. What is the proper volume of fixative for an enucleation specimen? 

a. 5 times the tissue volume 

b. 10 times the tissue volume 

c. 15 times the tissue volume 

d. 20 times the tissue volume 

3. Communication with the pathologist is recommended in situations below ex- 
cept which of the following? 

vitreous tap for evaluation of possible lymphoma 

planned conjunctival biopsy for cystinosis 

corneal biopsy for suspect Acanthamoeba ulcer 

. extraction of a mature cataract 

assessment of resection margins by frozen section for an infiltrating malig- 

nant eyelid tumor 


eno tp 


For preferred responses, see Appendix A. 
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Operative complications, while infrequent, are part of any surgical specialty. Accordingly, 
education about the implications of unanticipated outcomes as they apply to the patient, the 
physician, and the legal system is an important part of residency training in ophthalmology. 

An adverse event can be defined as an unwelcome and unintended, though not neces- 
sarily unanticipated, result of a medical treatment. For example, an allergic reaction to an 
ophthalmic drop or an elevation of intraocular pressure after a glaucoma laser procedure 
is considered an adverse event associated with a particular treatment. 

In contrast, the Health and Medicine Division of the National Academies of Sciences, 
Engineering, and Medicine defines a medical error as an adverse event that could have 
been prevented given the current state of medical knowledge. In 2000, the Quality Inter- 
agency Coordination Task Force mandated by President Bill Clinton expanded the work- 
ing definition of a medical error to cover as many types of errors as possible. As defined 
by the Task Force, a medical error is “the failure of a planned action to be completed as 
intended or the use of a wrong plan to achieve an aim. Errors can include problems in 
practice, products, procedures, and systems.’ A surgical complication is thus a specific 
type of medical error and may be defined as any undesirable, unintended, and direct result 
of surgery that affects the patient that would not have occurred had the surgery gone as 
well as could reasonably be hoped. 


Care of the Patient 





Foremost, care of the patient begins long before surgery with the preoperative visit, when 
the patient-physician relationship is established and the informed consent process is ini- 
tiated. All surgical procedures carry risk, and errors can occur despite appropriate and 
meticulous patient care. As such, a detailed discussion of the risks of surgery, including 
the possibility of the need for additional operations should an untoward event occur, can 
help prepare the patient for news of an unanticipated outcome. 

When a surgical error does occur, immediate care of the patient takes priority. This 
includes appropriate intraoperative management of the error as well as subsequent 
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postoperative care. After primary surgical management is complete and the patient is sta- 
ble, consultation and referral to a subspecialist should be initiated promptly if indicated, 
preferably with direct communication between the physicians. In addition, the outcome 
and care plan should be communicated to the patient’s primary care doctor and referring 
physician, when applicable. Following the disclosure of the error to the patient as outlined 
below, contact information for the surgeon and care team should be provided. A clear 
plan should be outlined for close follow-up. If postoperative sequelae, such as elevated in- 
traocular pressure or inflammation, occur, they should be treated promptly. If additional 
surgery is required, informed consent must be obtained for any new treatments. 

It is a surgeon's ethical responsibility to promptly disclose an error that may affect 
a patient’s well-being. Survey studies have indicated that patients want to be informed 
when a medical error occurs. Patients may experience a wide range of emotions after an 
error, such as feeling hurt, deceived, embarrassed, debased, and/or scared. Accordingly, 
when there is an unanticipated surgical outcome that will adversely affect the patient's 
visual or physical health, an initial disclosure discussion should be held once the patient 
is physically and psychologically able to receive this information. It is important to hold 
the discussion as soon as possible, for example, once the patient has adequately recovered 
from anesthesia. Responsibility for the error is shared with the attending physician who 
has supervised the case, and it thus may be appropriate for that person to be present for the 
discussion as well. 

The objectives of the disclosure discussion are to communicate sympathetically to 
the patient and family what occurred, to express regret of the event, and to explain how it 
will immediately affect the patients health, vision, and prognosis. Part of the discussion 
should define the patient’s current needs and goals. This process helps ease patient confu- 
sion, anger, and distrust. Candid disclosure of the error also helps demonstrate a contin- 
ued commitment to the care and well-being of the patient, thus ensuring much needed 
follow-up and the possible need for additional interventions. Furthermore, patients may 
feel that they have played a role in the error, and the discussion can help alleviate some of 
these sentiments. When choosing a location for the discussion, the resident must consider 
the patient’s privacy and health care needs. 

Poor nonverbal communication may lead to an inadequate understanding of the dis- 
closure discussion and may compel the patient to seek care with a different physician. 
Thus, the resident should use receptive body language, with good eye contact, and avoid 
creating physical barriers by crossing arms or legs. The surgeon should state that an error 
was made and convey a continued duty to the patient’s care. Sympathy should be expressed 
for the patient and family, as this can help strengthen the patient-physician relationship. 
Examples of statements that can be used include: 


e “Iam sorry that this has happened to you.” 
e “This should not have happened.” 
e “I understand how you must be feeling” 


The physician should, however, avoid statements that assign blame or assume respon- 
sibility. The physician should validate the patient’s concerns and give ample time for the 
patient to express his or her emotions and ask questions. It is not unnatural for the patient 
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and/or family to become distressed or angered by the news of an error, but it is paramount 
for the physician to refrain from becoming defensive. 

During the disclosure discussion, it is important that the physician acknowledge 
the error by stating the facts and using nontechnical language. Subjective opinion, such 
as speculation about the fault of others or of instrumentation involved in the incident, 
should be excluded. Criticism of any prior care that the patient has received should also be 
avoided. The surgeon should then verify the patient’s understanding of what was discussed 
and of the plan for follow-up care. During this time and in subsequent moments, the 
surgeon may unintentionally distance himself or herself from the patient due to the com- 
plexity the error adds to the patient-physician relationship. Rather, the surgeon should 
be available to see the patient as frequently as necessary in the recovery period; this is 
not only essential to his or her care but also to restoring and maintaining his or her trust. 
Finally, if the patient requests a second opinion, the surgeon should be supportive and 
help him or her find another provider. Detailed documentation of the discussion and the 
follow-up plan should be included in the medical record. 


Medicolegal Implications of an Error 





During training, residents may feel somewhat insulated from the medicolegal outcomes 
of an error. However, physicians in training should be aware of the legal implications of a 
medical error, not just for a better understanding of medical malpractice, but also because 
these issues may directly affect them and will apply to their future careers. 

The occurrence of an error does not necessarily mean that medical malpractice has 
ensued. To establish medical negligence, the plaintiff must prove: 


e the existence of a duty of care owed to the patient by an established patient-physician 
relationship 

e negligence, or violation of this duty, caused by a negligent act or omission on behalf 
of the physician 

e a causal connection between the negligent act and subsequent injury to the patient 

e injury to the patient, as demonstrated by pain and suffering, disability or disfigure- 
ment, or wrongful death 


In the event of an error, proper postoperative management and thorough documenta- 
tion can help prevent future legal action. 


Initial Management Strategies 


The informed consent discussion and preoperative visit are the first steps not only in 
proper patient care, but also in mitigating medicolegal risk in the event of an unantici- 
pated surgical outcome. For example, the 2 most commonly cited issues in oculoplastic 
surgery cases that ended in litigation were an alleged lack of informed consent and a need 
for additional operations. A detailed, well-documented consent process is crucial to pro- 
viding appropriate patient care and avoiding legal consequences for the physician. 
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After an error has occurred and the patient’s immediate physical needs have been met, 
the initial disclosure discussion with the patient and family should be held. Hospitals are 
required to develop policies on disclosure of unanticipated outcomes to patients by Joint 
Commission regulations and thus the surgeon should be certain to follow the recommen- 
dations of his or her institution. From a legal standpoint, some states have implemented 
laws that require health care organizations to disclose adverse events or unanticipated 
outcomes to patients. In other states, there is a legal precedent that stems from case law, 
whereby a surgeon has a duty to disclose an error because of the fiduciary nature of the 
patient-physician relationship. Failure to do so has been recognized by courts as fraud 
and/or fraudulent concealment, even in the absence of false statements. Moreover, disclo- 
sure may decrease the risk of litigation, as the desire to discover what led to the error is a 
frequent cause of many lawsuits. 

Many physicians incorrectly perceive that an apology will increase the risk of legal 
proceedings; there is actually little evidence to support this. While an apology is admis- 
sible into evidence, such an admission does not correlate to evidence of guilt, as it does 
not automatically prove that the surgeon departed from the standard of medical care. 
Moreover, case law supports that judges and juries like apologies and treat them favorably. 
Cases of malpractice litigation have demonstrated that patients are incensed when there 
is a failure to acknowledge a mistake and apologize. Such a failure is thought to lie at the 
root of the majority of suits. 

Complete documentation includes the facts of what occurred, the health care team’s 
subsequent management of the error, what was covered in the disclosure discussion, who 
was present at the discussion (including names of family members), and the treatment 
and follow-up plans. All of this documentation should all be included in the medical rec- 
ord. The physician should consider filing an incident report or contacting the hospital’s 
risk management department if these options are available and appropriate. 


Later Management 


The surgeon should be actively involved in the patient’s postoperative care well beyond 
the initial disclosure discussion. All patient requests and questions should be responded 
to promptly. If the patient requests that some or all fees be waived, the surgeon may do 
so, as this is not considered an admission of liability; however, the surgeon should consult 
with hospital risk management department and/or office of general counsel, as certain 
contracts with third-party payers may restrict refunds, and state law may require this to 
be disclosed or reported. In the event of litigation, a physician should seek legal help from 
the institution’s office of general counsel and disclose all events fully to the legal advisors. 

If applicable, a case review or root-cause analysis should be conducted after a surgical 
error. Hospitals have quality-improvement committees that are responsible for conduct- 
ing event analyses, and surgeons and health care teams will often be actively involved in 
these processes. The goal of event analysis is to develop a corrective action plan that will 
help prevent the same error from occurring again. Finally, throughout this process it is 
important to acknowledge the effect of the error on all members of the health care team, 
as these events can be unsettling for everyone involved. 
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Medicolegal Implications of Cataract Surgery Complications 


Although the incidence of retained or dropped lens fragments during cataract surgery is 
a relatively infrequent surgical error (0.1%-1.6%), it is associated with 12.5% of malpractice 
claims related to cataract surgery. However, as good visual outcomes can often be achieved 
when this error is managed appropriately, the preoperative, intraoperative, and postopera- 
tive care of the patient are vital in determining both the visual outcome for the patient and 
the likelihood of legal consequences for the physician. In one study of cataract surgery 
litigation, a larger difference between preoperative and postoperative visual acuity was 
the strongest predictor of worse legal outcomes. Delay in diagnosis or delay in referral 
were additionally cited in 11% of claims related to retained or dropped lens fragments. 
As such, close follow-up care, prompt control of postoperative inflammation and elevated 
intraocular pressure, as well as early referral to a specialist if appropriate, are crucial in the 
management of surgical errors for both the patients and physician's well-being. 


Care of the Surgeon in the Event of an Error 





It is normal for a surgeon at any level of training to feel self-doubt after a surgical error, 
regardless of whether litigation results. There is a significant amount of pressure for per- 
fection in the practice of medicine. Consequently, resident physicians may experience a 
spectrum of emotions, including shock, guilt, shame, vulnerability, fear, anxiety, anguish, 
and isolation. Moreover, they may worry about the ramifications to their professional rela- 
tionships and reputation. Besides fear of the patient outcome, physicians place significant 
weight on fear of disciplinary action or punishment. Studies have found that 95% of physi- 
cians experience significant distress during litigation. 

Several unfavorable coping mechanisms are often employed after an unanticipated 
event, including denial, minimization of the outcome, and distancing from the error. Resi- 
dents who experience a surgical error should acknowledge that it is normal to feel emo- 
tional and physical distress. They should bear in mind that by mere disclosure of the error 
to the patient, they will begin to obtain forgiveness and decrease their feeling of guilt. It is 
important that they remain levelheaded during this time. Residents should be aware that 
these feelings might create an inadvertent desire to distance themselves from the patient. 
However, residents should see the patient as frequently as is possible and appropriate in 
the recovery period, as it is not only essential to the patient’s care, but also to the resident's 
learning and recovery. 

Surgeons in training should make use of the support systems available at their insti- 
tutions. First and foremost, a surgeon should review the error with the attending physi- 
cian who participated in the surgery. Then, a discussion of the case at the department's 
morbidity and mortality or quality improvement conference can help facilitate insight 
while the surgeon receives support and suggestions from peers on how to better prevent 
the error. In addition, the surgeon may find it not only educational but also therapeutic 
to seek relevant information in the medical literature in order to better understand what 
occurred and why. Should there be a need for further conversation, the residency program 
director should be approached. 
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Symptoms of ongoing depression or anxiety merit a consultation with a primary care 
physician or mental health expert. In addition, universities may have mental health ser- 
vices available at no cost for resident physicians, which can provide relief in the form of 
a safe, confidential space to share feelings and mitigate stress. Residents should continue 
to participate in leisure activities and exercise for the maintenance of their mental well- 
being. However, in reflecting on the event and internally processing it, residents should 
try not to assign blame or be excessively critical of themselves. 

Sharing feelings with trusted coworkers, family, or friends who were not involved 
can also help. Although one should avoid disclosing patient protected health information 
or details about the case, conferring with family or trusted friends can be therapeutic for 
those who experience great emotional distress following an error or in the event of litiga- 
tion. Lastly, other support resources may be found online, such as the Physician Litigation 
Stress Resource Center (www.physicianlitigationstress.org) or Cooperative of American 
Physicians (www.capphysicians.com). 


Key Points 





e In the event of a surgical error, immediate care of the patient takes priority. 

e It is a surgeon's ethical responsibility to promptly disclose to the patient an error 
that may affect his or her well-being. 

e Statements of empathy and apology can help build the patient-physician relation- 
ship and reestablish trust, but blame or assumption of responsibility should be 
avoided. 

e Consultation with the risk management department and event- or root-cause analysis 
should be sought, if available. 

e In a medical malpractice case, the plaintiff must prove duty of care, negligence, a 
causative link between the negligent act and injury to the patient, and damages. 

e A detailed informed consent process is crucial to building the patient relationship 
and mitigating potential future risk. 

e Negative emotional reactions are common and normal after surgical errors. 

e Residents should seek support from their colleagues, friends and family, and insti- 
tutional network to mitigate stress. 
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Self-Assessment Test 





1. In the event of a surgical error, it is in the surgeon's best interest to do which of 
the following? 

a. Avoid disclosure of events in order to avoid future medicolegal consequences. 
b. Do not apologize, as doing so is an admission of guilt. 

c. Promptly and fully disclose to the patient what happened. 

d. Assign blame for the error to others. 

2. It is normal for surgeons to experience negative emotions after a surgical error. 
Good strategies to cope with these feelings include all except which of the 
following? 

a. talking with trusted friends and family 

b. presenting the error at a morbidity and mortality conference 

c. seeking the care of a mental health professional 

d. refraining from further care of the patient for risk of legal repercussion 

3. Ina medical malpractice case, the plaintiff must prove that which of the follow- 

ing things have occurred? (Choose all that apply.) 

a. duty of care 

b. negligence 

c. a causative link between the negligence and injury to the patient 
d. damages 

4. Following an error, all activities should be performed except which of the 

following? 

a. prompt referral to a specialist or for a second opinion, as appropriate 

b. frequent follow-up visits 

c. use of an intermediary (other physician, office staff, etc.) to avoid further 
direct contact with the patient 

d. consultation with the risk management department, if available 


For preferred responses to these questions, see Appendix A. 
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A-scan ultrasonography, 157 
Absorbable sutures, 112-114, 113t 
Accommodation, 79 
Accreditation Council for Graduate Medical Education 
case logs, 133-138 
definition of, 133 
informed consent core competencies, 25 
milestones, 137-138 
residency programs, 133, 134t, 137 
surgical logs, 133-138 
surgical training requirements, 133-138 
Acetylcholine, 192 
ACGME. See Accreditation Council for Graduate 
Medical Education 
Adjuvant agents, 156-157 
Adverse events, 269, 272 
Advertising, 7-8 
Aflibercept, 195 
Akahoshi prechopper, 101f 
Ak-Taine. See Proparacaine 
Ak-T-Caine. See Tetracaine 
Alcaine. See Proparacaine 
Alcian blue stain, 257t 
Alcohol, 143 
Alcohol-based hand rubs, 145 
Alizarin red stain, 257t 
Allergic reactions, 269 
Alpha-1 blockers, 7 
Altered mental status, 6 
Alternatives to surgery, 12 
AM. See Amniotic membrane 
American Heart Association, 13 
Aminoglycosides, 194 
Amniotic membrane, 242, 242f 
Amphotericin, 194 
Anesthesia 
brainstem, 166 
central nervous system spread of, 166 
complications of 
central nervous system spread of anesthesia, 166 
extraocular muscle trauma, 222 
injection into eye, 222 
injection into optic nerve, 222 
malignant hyperthermia, 167 
oculocardiac reflex, 166-167 
retrobulbar hemorrhage, 165 
scleral perforation, 166 
strabismus, 166 
general, 153, 163t, 163-164 
hypotensive, 171 
intracameral, 193 
local. See Local anesthesia 
overview of, 153 
patient’s understanding of, 12 
regional. See Regional anesthesia 
safety during, 153-154 
special requirements or concerns, 14 
topical. See Topical anesthesia 
Anesthetic blocks 


administration of, 14 
parabulbar, 161, 162f 
patient positioning and, 14 
peribulbar 
complications of, 222 
technique for, 161, 162f 
retrobulbar 
complications of, 222 
technique for, 159-161, 160f 
Anethaine. See Tetracaine 
Angiogenesis, 234 
Animal eyes, as simulation models, 36-37f 
Anterior chamber 
paracentesis, 225 
viscoelastic injection into, 189 
Anterior chamber irrigating cannula, 100f 
Anterior segment surgery. See also Cataract surgery 
advances in, 129 
complications of, 223 
examination after, 220 
postoperative care for, 217-218 
training models for, 37 
Antibiotics, 194 
Anticoagulants, 5 
Antifungals, 194 
Anti-inflammatories, 243 
Antiproliferative agents, 243, 244f 
Antiseptic agents 
application of, 144, 145f 
types of, 143-144 
Anxiety, 274 
Apology, 272 
Argon laser iridotomy, 241f 
Armrests, 51f, 72, 73f 
Aseptic techniques 
draping, 50f, 148, 150f 
gloving, 147-148, 149f 
gowning, 147-148 
hand scrubbing, 20, 144-147, 146f 
history of, 143 
Atkinson needle, 159, 161 
Avitene, 174 


Balanced salt solution, 191-192 
Barraquer cilia forceps, 93f 
Barraquer iris spatula, 99f 
Barraquer needle holder, 99f 
Barraquer wire, 87f 

Barron radial vacuum trephine, 104f 
Barron vacuum punch, 104f 
Basement membrane, 234 
Bechert nucleus rotator, 98f 
Bed. See Surgical bed 

Beer cilia forceps, 93f 
Benzodiazepines, 153 
Beta-blockers, 19 

Betadine. See Povidone-iodine 
Bevacizumab, 195 
Bioadhesives, 240 
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Bioniko model, 37, 38f 
Biosyn sutures, 112, 113¢ 
Bipolar diathermy forceps, 172f 
Bipolar diathermy probe, 172f 
Bishop-Harmon forceps, 93f 
Blades. See Surgical blades 
Bleb, 237f 
Bleeding 
intraoperative, 171, 174 
prevention of, 171 
silicone oil control of, 174 
Blocks. See Anesthetic blocks; Facial nerve blocks; 
specific block 
Blunt-tip keratome, 107f 
Board of Certified Professional Ergonomists, 45 
Body language, 270 
Bouin solution, 256t 
Bowman lacrimal probe, 89f 
Bowman layer, 237 
Bradykinin, 233 
Braided sutures, 112 
Brainstem anesthesia, 166 
Brevital. See Methohexital 
Bruch membrane, 125 
BSS. See Balanced salt solution 
Bupivacaine, 155t, 156 
Buried interrupted subcutaneous suture, 184, 184f 


Caffeine, 19 
Calipers, 105f 
Cannulas, 100-101f 
Capsular staining agents, 195 
Capsular tension rings, 96, 97f 
Capsule retractors, 96, 98f 
Capsulorrhexis 
bent needle used for, 189 
forceps for, 95f 
simulation training tools for, 37, 39f 
Capsulotomy, Nd:YAG laser, 124, 128 
Carbachol, 192-193 
Carbocaine. See Mepivacaine 
Carbon dioxide laser, 173 
Cardiac disease, 5 
Cardiac valvular disease prophylaxis, 13 
Case logs, 133-138 
Case review, 272 
Castroviejo caliper, 105f 
Castroviejo needle holder, 100f 
Castroviejo suturing forceps, 93f 
Cataract surgery 
blades for, 107f 
capsulorrhexis step of, 74 
complications of, 223, 273 
concerns before, 4t 
examinations after, 217 
microscope light intensity for, 80 
patient evaluation before, 4t, 4-5 
postoperative care for, 217 
retained or dropped lens fragments during, 273 
simulation training tools for, 37, 38f 
virtual reality simulation tools for, 40f, 40-41 
Cautery, 171 
Cautery units, 206, 206f 


Ceftazidime, 194 
Chair 
ergonomic practices, 53, 54f 
office, 53 
surgical. See Surgical chair 
Chalazion excision instruments, 88, 88f 
Chang-Seibel chopper, 101f 
Children, 6, 67 
Chin-down position, 66, 66f 
Chin-up position, 65, 66f 
Chlorhexidine gluconate, 20, 144 
Choroidal neovascular membrane, 125 
Choroidal specimen, 264-265 
Chromic gut sutures, 112, 113¢, 241t 
Chromophores, 121 
Cilia forceps, 93f 
Ciliary body specimen, 264 
Clindamycin, 194 
Clinic ergonomics, 54-55, 55t, 56-58f 
CO, lasers, 119 
Cocaine, 154, 154t 
Coefficient of friction, 111 
Cohesive viscoelastics 
advantages of, 187 
description of, 187-189 
indications for, 189, 190f 
removing of, 190-191 
viscodissection use of, 189, 191f 
Colibri corneal forceps, 93f 
Colloidal iron stain, 257t 
Communication 
medication errors prevented by, 202-205 
operating room staff, 14 
Complications 
anesthesia-related 
central nervous system spread of 
anesthesia, 166 
malignant hyperthermia, 167 
oculocardiac reflex, 166-167 
retrobulbar hemorrhage, 165, 222 
scleral perforation, 166 
strabismus, 166 
anterior segment surgery, 223 
cataract surgery, 223, 273 
corneal transplantation, 223 
definition of, 222 
eyelid surgery, 224 
glaucoma surgery, 223 
laser surgery, 224 
operative, 269-274 
orbital surgery, 224 
postoperative, 222-225 
strabismus surgery, 224 
vitreoretinal surgery, 224 
Compounding, of intraocular drugs, 196 
Computer monitors, 53 
Congenital heart failure, 5 
Congo red stain, 257t 
Conjunctival forceps, 95f 
Conjunctival lesion, 262f 
Conjunctival specimens, 261-262 
Conjunctival wound, 235-236 
Consent. See Informed consent 


Continuous-wave lasers, 120, 124 
Cooperative of American Physicians, 274 
Coping, with surgical error, 273 
Cornea 
avascular nature of, 238 
diseases involving, 7 
edema of, 7 
epithelium of, 237 
post-LASIK, 238f 
specimens of, 262 
stroma of, 236 
suturing of, 180 
transplantation of, 218, 223 
Corneal buttons, 262 
Corneal endothelial guttata, 3 
Corneal epithelial healing, 242 
Corneal markers, 102 
Corneal stromal flaps, 121 
Corneal trephines, 103f 
Corneal wounds 
central, 238 
healing of, 236-239 
tensile strength of, 238 
Corticosteroids, 194 
Counter touch with nondominant hand, for hand 
tremor, 74, 75f 
Counterweight setting, 76f, 77 
CPT codes, 134, 136. See Current Procedural 
Terminology codes 
Crawford hook, 90f 
Crawford stent, 90f 
Crescent blade, 107f 
“Crossed swords” technique, 240 
Crystal violet stain, 257t 
Cumulative trauma disorders. See Work-related 
musculoskeletal disorders 
Curette, 88f 
Current Procedural Terminology codes, 134, 136 
Cutting needles, 115, 117f 
Cyanoacrylate, 240 
Cyclodialysis spatulas, 99f 
Cyclosporine A, 243 
Cystoid macular edema, 219 
Cystotome, 106f 


Depression, 274 

Descemet membrane, 238 

Descemet membrane endothelial keratoplasty, 263 

Descemet membrane punch, 104f 

Descemet membrane specimen, 263 

Descemet-stripping automated endothelial kerato- 
plasty, 263 

Descemet-stripping endothelial keratoplasty, 263 

Desmarres lid retractor, 86f 

Dexon sutures, 112, 113t 

Diabetes mellitus, 6, 128 

Diagonal chop, 101 

Diathermy, 171-173, 172f 

Dilating drops, 13 

Dilators, 89f 

Diode laser iridotomy, 241f 

Diopter setting, 78 

Diprivan. See Propofol 
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Direct ophthalmoscopy, 55t, 58f 
Dispersive viscoelastics 
advantages of, 187-188 
description of, 187 
indications for, 189-190 
DMEK. See Descemet membrane endothelial keratoplasty 
Douglas cilia forceps, 93f 
Draping, 50f, 148, 150f 
Dressing(s) 
advantages of, 247 
combustibility of, 207, 207f 
description of, 247 
disadvantages of, 247-248 
illustration of, 207f 
indications for, 248 
nonpressure, with shield, 250-251, 251-252f 
placement of, 250-252 
postoperative instructions for, 252-253 
pressure, 251-252, 252f 
removal of, 253 
supplies for, 248-250, 249t 
Dressing forceps, 92 
DSAEK. See Descemet-stripping automated endothelial 
keratoplasty 
DSEK. See Descemet-stripping endothelial keratoplasty 
Duranest. See Etidocaine 


Elbows, raising of, 72 
Electronic medical records, 45, 55, 58-59 
Electrons, 119 
Embolization, 174-175 
EMRs. See Electronic medical records 
Endophthalmitis, 192, 194, 199, 217, 225 
Endothelial cells, 233 
Energy density, 124 
Enucleation scissors, 92f 
Enucleation specimen, 264 
Epinephrine, 156, 156t 
Epithelial basement membrane dystrophy, 258f 
Epithelial cells 
description of, 230 
wound healing of, 237 
Epithelial growth factor, 234 
Epithelialization, 234 
Ergonomic practices 
chair sitting, 53, 54f 
in clinic, 54-55, 55t, 56-58f 
direct ophthalmoscopy, 55t, 58f 
indirect ophthalmoscopy, 55t, 57f 
microscope, 50-51f 
in office, 53, 53f 
in operating room, 46, 48, 49-52f 
during patient preparation, 49-50f 
postoperative period, 52f 
slit lamp, 55t, 56-57f 
surgical bed, 49f 
Ergonomics 
definition of, 45 
office, 53 
risk factors, 47t-48t, 49-52f, 54f, 55, 55t, 56-58f 
Errors 
medication, 202-205, 205t 
surgical. See Surgical errors 
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Ethanol/methanol, 256t 
Ethical considerations, 7-8, 26 
Etidocaine, 155t, 156 
Evisceration specimen, 264 
Excimer lasers, 119 
Exenteration specimen, 264 
Exercise, 18-19, 59 
Exposure keratopathy, 157 
Extracellular matrix, 233, 234 
Extraocular muscle 
specimen of, 262-263 
trauma to, 222 
Extraocular simulation, 38 
Eyelid clamp, 88f 
Eyelid specimens, 261 
Eyelid surgery, 218, 220, 224 
Eye parallel to floor position, 64-65, 
65f, 67 
Eye shields 
description of, 249-250 
nonpressure dressing with, 250-251, 251-252f 
placement of, 251-252f 
Eyesi surgical simulator, 40, 40f 


Facial nerve blocks 
description of, 164 
Nadbath-Ellis block, 164f, 165 
O’Brien block, 164f, 165 
Van Lint block, 164f, 164-165 
Family members, 12 
Fechtner conjunctival forceps, 95f 
Femtosecond laser, 121 
Fibrin, 238 
Fibrin degradation products, 233 
Fibrin glue, 240, 242 
Fibrinogen, 173 
Fibroblast, 230, 233-234, 236-237 
Fibroin, 114 
Fibronectin, 238 
Field of view, 81 
Fine-Thornton fixation ring, 105f 
Fire, in operating room 
cautery units, 206, 206f 
combustible substances for, 207f, 
207-208 
oxygen-enriched environment and, 206 
precautions to prevent, 207-208 
prevention of, 205-208 
First intention, wound healing by, 229, 230f 
Fite-Faraco stain, 257t 
Fixatives, 256t 
Flat-shaped hydrodissection cannula, 100f 
Flieringa scleral fixation ring, 105f 
Fluence equations, 124 
Fluid-gas exchange, 174 
5-Fluorouracil, 236, 243, 244f 
Forceps, 92, 93-95f 
Forearm scrubbing, 144, 146f 
Formalin, 256, 256t 
Formalin-fixed specimens, 257 
Freer periosteal elevator, 106f 
Frozen sections, 259, 261 
Frozen specimens, 255-256 


Gass retinal detachment hook, 98f 

Gauze, 249 

Gelfoam, 174 

General anesthesia, 153, 163t, 163-164 

Geuder capsule tension ring inserter, 97f 

Giemsa stain, 257t 

Glaucoma surgery, 217, 223 

Global Rating Assessment of Skills in Intraocular 
Surgery, 138, 138f 

Globe puncture, 222 

Gloving, 147-148, 149f 

Glutaraldehyde, 256t, 266 

Glutathione, 192 

Gomori methenamine silver stain, 257t 

Gowning, 147-148 

Graefe iris forceps, 93f 

Gram stain, 257t 

Granulation tissue, 230f, 233 

GRASIS. See Global Rating Assessment of Skills in 
Intraocular Surgery 

Gripping of instruments, 52f, 73-74, 74f 

Gross specimens, 266 

Growth factors, 234 

Guideline for Prevention of Surgical Site Infection, 143 

Gut suture, 113¢, 114, 241t 


Halstead mosquito clamp, 105f 
Hand(s) 
poor positioning of, 75 
scrubbing of, 20, 144-147, 146f 
during slit lamp use, 56f 
stabilization process for 
large arm muscles, 71-72 
raised elbows and, 72 
relaxation of small hand muscles, 73-74 
shoulder muscles, 71-72 
steps involved in, 71 
at wrist, 73, 74f 
Hand grip, 75f 
Hand lifting, 75 
Hand tremor 
caffeine and, 19 
counter touch with nondominant hand to reduce, 75, 75f 
hand stabilization to minimize. See Hand(s), 
stabilization process for 
“Hang back” technique, 240 
Harmonic generation, 120 
Headrest, 64, 65f 
Healing of wound. See Wound healing 
Heating, for hemostasis 
cautery, 171 
diathermy, 171-173, 172f 
laser photocoagulation, 173 
Heat transfer, using laser, 124-125 
Hematoxylin and eosin stain, 257t, 258f 
Hemostasis 
biochemical enhancement of, 173-174 
description of, 233 
embolization for, 174-175 
heating for, 171-173 
mechanical tamponade for, 174 
vasoconstriction for, 173 
Henderson capsule tension ring, 97f 


Herbal supplements, 5, 13 

Hibiclens. See Chlorhexidine gluconate 
Hockey-stick blade, 107f 

Honan balloon, 14, 160 

Hooks, 90f, 98, 98f 

Horizontal mattress suture, 182-183, 183f 
Human eyes, as simulation models, 36 
Hyaluronic acid, 189 

Hyaluronidase, 156t, 157 
Hydrodissection, 80 

Hydrogel sealant, 242f 

Hydroxypropyl methylcellulose, 187-189 
Hypertension, 5, 171 

Hypotensive anesthesia, 171 


Illness, 20 
Incisions 
sites for, 13 
surgical instrument centering in, 75 
Incompetent individuals, 12 
Indirect ophthalmoscopy, 55t, 57f 
Indocyanine green, 195 
Infants, 67 
Infection prophylaxis, 199 
Inflammatory phase, of wound healing, 233 
Informed consent 
Accreditation Council for Graduate Medical 
Education core competencies for, 25 
alternatives to surgery, 12 
in compromised patient, 28 
consent element of, 27 
in dementia patient, 26, 28-29 
description of, 7, 11 
discussions included in, 26-27 
elements of, 11, 26-27 
importance of, 25-26 
with incompetent individuals, 12 
information included in, 26-27 
malpractice claim prevention through, 25 
medicolegal considerations, 25-26, 271 
with minors, 12 
obtaining of, by resident, 26, 28-30 
preconditions, 26 
procedure-related, 12, 128 
questions asked by patients during, 29-30 
scenarios involving, 28-30 
summary of, 31 
surgical risks-related, 12 
voluntariness as condition of, 26 
Injections 
complications associated with, 222-223 
ergonomic practices during, 50f 
intravitreal. See Intravitreal injections 
local anesthetic agents, 154 
viscoelastics, 189 
Instruments. See also specific instrument 
calipers, 105f 
cannulas, 100-101f 
centering of, in incision, 75 
chalazion excision, 88, 88f 
corneal markers, 102 
curette, 88f 
description of, 85 


Index è 283 


forceps, 92, 93-95f 
gripping of, 52f, 73-74, 74f 
hooks, 90f, 98, 98f 
lacrimal, 88-89, 89-90f 
lens loop, 105f 
needle holders, 99-100f 
nucleus choppers, 101, 101f 
nucleus splitters, 101 
punches, 104f 
retractors, 85, 86f, 95, 96, 96f, 98f 
scissors, 90-91, 91-92f 
spatulas, 99, 99f 
speculums, 86, 87f 
surgeon's familiarity with, 18 
trephines, 103f 
Interrupted sutures 
buried subcutaneous, 184, 184f 
simple, 181, 181f 
Intracameral miotics, 192, 193f 
Intraocular anesthesia, 155, 158 
Intraocular drugs, compounding of, 196 
Intraocular fluids 
anesthetics, 193 
antibiotics, 194 
antifungals, 194 
capsular staining agents, 195 
corticosteroids, 194 
description of, 187 
irrigating fluids, 191-192 
miotics, 192-193, 193f 
mydriatics, 192-193 
viscoelastics. See Viscoelastics 
Intraocular lens placement 
errors in, 202 
precautions for, 203t 
Intraocular pressure, 164, 174, 219, 221 
Intraocular simulation, 36-38, 36-39f 
Intraoperative floppy iris syndrome, 5, 7, 95, 192 
Intravitreal injections 
advantages of, 219 
complications of, 225 
dilated funduscopic examination after, 219, 221 
follow-up evaluations, 219, 221 
indications for, 219 
intraocular pressure elevation after, 225 
intraocular pressure measurement after, 219, 221 
speculums for, 86 
vascular endothelial growth factor antagonists, 195-196 
Iodophors, 143 
IOL. See Intraocular lens placement 
Iridectomy, 120, 263 
Iridocyclectomy, 264 
Iridotomies, 240, 241f 
Tris 
abnormalities of, 7 
specimen of, 263-264 
Iris forceps, 93f 
Iris hooks, 98f 
Iris pigment epithelium, 241f 
Iris retractors, 96f 
Iris spatula, 99f 
Irradiance equation, 124 
Irrigating fluids, 191-192 
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J-shaped hydrodissection cannula, 100f 

Jaeger eyelid plate, 86f 

Jaffe scissors, 91f 

Jaffe wire retractor, 86f 

Jamison muscle hook, 98f 

Jeweler forceps, 94f 

Joint Commission on Accreditation of Healthcare 
Organizations, 21, 200 


Katzin corneal transplant scissors, 92f 

Kelly Descemet membrane punch, 104f 
Kelman-McPherson angled tying forceps, 94f 
Keratocytes, 236 

Keratome, 107f 

Keyboard, 53 

Kimura spatula, 99f 


Kitaro DryLab and WetLab simulation training systems, 


37, 38-39f 

Knots 

simple square, 177-179, 178f 

tying of, 178f 
Koch phaco spatula, 99f 
Kratz-Barraquer speculum, 87f 
Kuglen iris hook, 98f 
Kyphosis, 46, 48f, 51f 


Laboratory testing, 12 
Lacrimal cannula, 100f 
Lacrimal instruments, 88-89, 89-90f 
Lacrimal specimen, 263 
Lagophthalmos, 157 
Laser(s) 
burn considerations, 124-125 
CO,, 119 
continuous-wave, 120, 124 
controllable variables of, 125-126 
definition of, 119 
energy control, 124-125 
excimer, 119 
expectations of patients regarding, 128 
eyewear protection for, 127-128 
femtosecond, 121 
filters on, 127 
fluence equations for, 124 
foot switch for activation of, 127 
future directions for, 129 
harmonic generation, 120 
heat transfer considerations, 124-125 
irradiance equation for, 124 
media opacity considerations, 126 
Nd:YAG, 120-121, 124, 128 
ocular-cardiac responses to noxious stimuli 
from, 129 
organic-dye, 120 
patient issues regarding, 128-129 
photoablation use of, 121 
photochemical use of, 123 
photocoagulation uses of, 121, 122f, 124, 127, 173 
photodisruption use of, 120-121 
physics of, 119-120 
“pulsed? 120 
safety considerations, 127 
spot size considerations, 126 


surgeon protections while using, 127 
surgery using, 218-219, 221, 224 
tissue and, interactions between, 120-123, 
121-122f 
wavelength of, 123f, 123-124 
Laser safety officer, 127 
LASIK surgery, 121 
Legal guardian, 12 
Lens, 7 
Lens loop, 105f 
Lester IOL manipulator, 98f 
Lidocaine 
administration of, 158 
intracameral, 193 
regional anesthesia uses of, 155t 
topical uses of, 154t, 155 
Lighting 
for microscope, 80 
for surgical loupes, 81 
Lister, Joseph, 143 
Local anesthesia 
agents 
administration of, 154 
cocaine, 154, 154t 
injection of, 155 
intraocular, 155 
lidocaine, 154t, 155 
proparacaine, 154, 154-155 
tetracaine, 154, 154t 
intraocular, 158 
topical 
advantages of, 157-158, 158t 
agents for, 154t, 154-155 
delivery of, 158 
description of, 157 
disadvantages of, 157-158, 158t 
patient selection for, 157 
Lordosis, 46, 48f 
Loupes. See Surgical loupes 
Low back pain, 46 
Lumbar kyphosis, 51f 


Mackool capsular retractor, 98f 
Macrophages, 233 
Magnification 

using microscope 

description of, 63-64 
level of, 80 

using surgical loupes, 81 
Maintenance of Certification, 137 
Malignant hyperthermia, 6, 167 
Malpractice, 25-26, 203 
Malyugin ring, 96f 
Mandell eye mount, 36 
Marcaine. See Bupivacaine 
Masson trichrome stain, 257t, 258f 
Matrix metalloproteinases, 233, 235, 243 
McNeill-Goldman scleral fixation ring and 

blepharostat, 88f 

McPherson tying forceps, 94f 
Mechanical tamponade, 174 
Medical clearance, 12-13 
Medical negligence, 271 


Medications. See also specific medication 
errors in, 202-205, 205t 
preoperative administration of, 13-14 
Medicolegal considerations 
informed consent, 25-26, 271 
surgical errors, 271-273 
Mental status alterations, 6 
Mepivacaine, 155¢, 156 
Mersilene sutures, 241t 
Methohexital, 153 
Michel fixative, 256t 
Microscope 
accommodation through, 79 
advantages of, 63-64 
bumping of, 68 
ceiling-mounted, 76 
counterweight setting, 76f, 77 
disadvantages of, 63-64 
ergonomic practices in using, 50f, 51f 
floor-mounted, 76 
focus-related problems with, 80 
gross maneuvering of, 76-77 
hand stabilization process for. See Hand(s), 
stabilization process for 
light intensity of, 80 
magnification using, 63-64 
maneuvering of, 78-79 
oculars positioning and setting, 78 
operating steps for, 78 
patient positioning for 
chin-down position, 66, 66f 
chin-up position, 65, 66f 
problems in, 66-67 
surgical eye parallel to floor, 64-65, 65f 
pedals. See Microscope pedals 
positioning of, 14 
in sterile field, 148 
surgeon positioning for 
ergonomic practices, 50f 
foot clearance, 70, 71f 
overview of, 68 
surgical loupes vs., 80 
temporal approach, 68-69, 69f 
vibration concerns for, 64 
Microscope head 
centering button for, 77, 77f 
positioning handles on, 77, 77f 
swinging positioning arm for, 76f, 76-77 
Microscope pedals 
elements of, 79, 79f 
illumination switch on, 79f 
illustration of, 79f 
joystick on, 79, 79f 
surgeon positioning for, 68, 68f, 78-79 
Microsurgical forceps and handles, 102, 102f 
MicrovisTouch, 41 
Midazolam, 153 
Minors, 12 
Miostat. See Carbachol 
Miotics, 192-193, 193f 
Mitomycin C, 236, 243, 244f 
MOC. See Maintenance of Certification 
Model eyes, 36-38 
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Monitors, 53 

Mono-Crawford stent, 90f 
Monofilament sutures, 111-112 
Monopolar diathermy probe, 172f 
Morcher capsular tension ring, 97f 
Mouse, computer, 53 

MST capsule retractor, 98f 

MST system, 102f 

Multifilament sutures, 111 

Muscle specimens, 262-263 
Music, in operating room, 21-22 
Mydriatics, 192-193 


Nadbath-Ellis block, 164f, 165 
Nd:YAG laser 
capsulotomy using, 124, 128 
description of, 120-121 
iridotomy using, 241f 
Near-far vertical mattress suture, 182, 182f 
Neck pain, 46, 47t 
Needle holders, 99-100f 
Needle knife, 108f 
Needle-point scissors, 91f 
Negligence, medical, 271 
Neutrophils, 233 
Nitrous oxide gas, 164 
No. 57 blade, 107f 
No. 59 blade, 107f 
No. 64 blade, 107f 
No. 66 blade, 107f 
Nominal hazard zone, 127 
Nonpressure dressings, 250-251, 251-252f 
Nonsteroidal anti-inflammatory drugs, 5, 243 
Nuclear disassembly, simulation training tools for, 37, 38f 
Nucleus choppers, 101, 101f 
Nucleus splitters, 101 
Nylon sutures, 114t, 115, 241t 


O’Brien block, 164f, 165 
Oculars, 78 
Oculocardiac reflex, 166-167 
Office ergonomics, 53 
OMIC. See Ophthalmic Mutual Insurance Company 
Operating room 
environment of 
equipment in, 18 
ergonomic issues, 21 
music in, 21-22 
preparation of, 21-22 
surgeon's familiarity with, 18 
time-out checklist for, 21 
ergonomic practices by surgeon in, 46, 48, 
49-52 
fire in 
cautery units, 206, 206f 
combustible substances for, 207f, 207-208 
oxygen-enriched environment and, 206 
precautions to prevent, 207-208 
prevention of, 205-208 
incision sites, 13 
patient preparations in, 13-15 
patient’s comfort in, 14-15 
staff communication in, 14 
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Operative site 

cleaning of, 144 

skin preparation, 143-144 

wrong-site surgery, 21, 199-201 
Ophthaine. See Proparacaine 
Ophthalmic anesthesia. See Anesthesia 
Ophthalmic Mutual Insurance Company, 

201-202 

Ophthalmic pathology 

specimens. See Specimens 

stains, 256, 257t 

supplies and equipment used in, 256-257, 257t 
Ophthalmoscopy 

direct, 55t, 58f 

indirect, 55t, 57f 
Ophthetic. See Proparacaine 
Orbital lymphoma, 265 
Orbitals, 119 
Orbital surgery, 218, 220, 224 
Orbital tissue specimen, 265 
Organic-dye laser, 120 
Osher/Malyugin ring manipulator, 96f 
Oval eye pads, 249 
Overuse syndromes. See Work-related musculoskeletal 

disorders 

“Oxygen tent,” 206 


Pain 
low back, 46 
management of, 221-222 
neck, 46, 47t 
upper extremity, 46, 47t 
Panretinal photocoagulation, 129 
Parabulbar block, 161, 162f 
Patient(s) 
boosting of, onto bed/cart, 49f 
comfort of, 14-15 
disclosure of surgical error to, 270-271 
draping of, 50f, 148, 150f 
expectations of, 3 
laser discussions with, 128-129 
lifting of, 49f 
postoperative instructions, 215-217 
preparation of 
ergonomic considerations during, 49-50f 
ergonomic risk factors, 47t 
informed consent. See Informed consent 
medical clearance, 12-13 
in office, 11-13 
in operating room, 13-15 
safety issues and concerns for. See Safety issues 
surgeon meeting with, 13, 17 
treatment-related decision making by, 7 
Patient positioning 
children, 67 
chin-down position, 66, 66f 
chin-up position, 65, 66f 
description of, 14 
eye parallel to floor position, 64-65, 65f, 67 
on headrest, 64, 66f 
infants, 67 
local anesthetic blocks, 14 
for microscope, 14, 64-67 


problems in, 66-67 

Trendelenburg position, 67, 67f 
Perfluorooctane, 174 
Peribulbar block 

complications of, 222 

technique for, 161, 162f 
Periodic acid-Schiff stain, 257t 
Periosteal elevator, 106f 
Peripheral iridectomy, 120 
Peripheral iridotomies, 240, 241f 
Perls Prussian blue stain, 257t 
Phaco chopper, 101f 
Phacoemulsification grooving, 37 
Phaco Practice Patient, 37 
PhacoVision, 41 
Phake-i, 37 
Photoablation, 121 
Photochemical, 123 
Photocoagulation 

lasers for, 121, 122f, 124, 129, 173 

retinal, 121, 124, 126, 129 

safety during, 127 
Photodisruption, 120-121 
Photons, 119-120 
Physician Litigation Stress Resource Center, 274 
Pigtail probe, 89f 
Platelet derived growth factor, 234 
Polyester sutures, 114t, 114-115 
Polyglactin sutures, 112, 113t, 236, 241t 
Polypropylene sutures, 112, 114, 115, 241t 
Polysorb sutures, 112, 113¢t 
Pontocaine. See Tetracaine 
Positioning 

of bed, 70, 71f 

of hands, 74-75 

of patient. See Patient positioning 

of surgeon, 68-69 
Post-LASIK cornea, 238f 
Postoperative care 

anterior segment surgery, 217-218, 220 

ergonomic practices, 48t, 52f 

examinations, 220-221 

eyelid surgery, 218 

laser surgery, 218-219, 221 

orbital surgery, 218 

pain management, 221-222 

strabismus surgery, 218 

timing of, 217-219 

transition of care, 219-220 

vitreoretinal surgery, 218, 221 
Postoperative instructions, 215-217 
Postoperative management, 215-227 
Posture 

ergonomic risk factors for, 47t-48t 

good, 48f 

importance of, 5 

seated, 53f 

surgical risks and, 5-6 
Povidone-iodine, 143 
Power density, 124 
Preconditions, of informed consent, 26 
Pressure dressings, 251-252, 252f 
Probes, 89f 


Procedure. See also specific procedure 
discussion about, 12 
ergonomic practices during, 50f 
informed consent about, 12 
surgeon's familiarization and understanding 

of, 18 

ProKera, 242 

Proparacaine, 154t, 154-155 

Propofol, 153 

Proteases, 233 

Proteoglycans, 236 

Pulmonary disease, 6 

“Pulsed” lasers, 120 

Pumping, 119 

Punches, 104f 

Punctate keratopathy, 154 

Pupillary dilation, 6 

Pupillary distance, 78 


Quickert lacrimal probe, 89f 


Ranibizumab, 195 
“Reasonable-patient” standard, 12 
Red reflex, 66, 222 
Reepithelialization, 235-236 
Refractive keratotomy, 237 
Regional anesthesia 
adjuvant agents for, 156-157 
advantages of, 159, 159t 
agents for 
bupivacaine, 155t, 156 
description of, 155-157 
etidocaine, 155t, 156 
lidocaine, 155 
mepivacaine, 155t, 156 
central nervous system spread of, 166 
complications of, 166 
description of, 158-159 
disadvantages of, 159, 159t 
epinephrine for, 156, 156¢ 
hyaluronidase for, 156t, 157 
parabulbar block, 161, 162f 
peribulbar block, 161, 162f, 222 
retrobulbar block. See Retrobulbar block 
sodium bicarbonate for, 156t, 157 
Rehabilitation, 12 
Remodeling of wound, 235 
Repetitive motion/strain disorders. See Work-related 
musculoskeletal disorders 
Requisitions, for specimens, 258-259, 260f 
Residency programs, 133, 134¢, 137 
Residency Review Committee, 133 
Residents 
in bilateral cases, 135 
informed consent obtained by, 26, 28-30 
minimum number of procedures for, 134t 
in multipart cases, 135 
questions asked of, by patients, 29-30 
roles of, 134-135 
surgeon role of, 134-135 
surgical errors by, 273-274 
training of, 7-8 
ReSure, 242, 242f 
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Retina 
photocoagulation of, 121, 124, 126, 129 
specimen of, 264-265 
translucency of, 126 
Retinal pigment epithelium cells, 121, 122f 
Retinal proteins, 126 
Retractors 
capsule, 96, 98f 
description of, 85 
iris, 95, 96f 
Retrobulbar block 
complications of, 222 
description of, 159, 160f 
Retrobulbar hemorrhage, 165 
Reverse cutting needles, 115, 117f 
Reverse Trendelenburg position, 171 
Rhabdomyosarcoma, 265 
Ritleng probes, 90f 
RoboMarker, 103f 
Root-cause analysis, 272 
Roswell Park Memorial Institute tissue culture medium, 
256t 
Routine specimens, 255-256 
RRC. See Residency Review Committee 
Ruedemann lacrimal dilator, 89f 
Running horizontal mattress suture, 184, 184f 
Running subcuticular sutures, 184-185, 185f 
Running suture, 184, 184f 


Safety issues 
anesthesia, 153-154 
infection prophylaxis, 199 
intraocular lens placement errors, 202 
lasers, 127 
medication errors, 202-204, 205t 
operating room fires 
cautery units, 206, 206f 
combustible substances for, 207f, 207-208 
oxygen-enriched environment and, 206 
precautions to prevent, 207-208 
prevention of, 205-208 
wrong-site surgery, 21, 199-201 
Schepens orbital retractor, 106f 
Schepens scleral depressor, 106f 
Schocket scleral depressor, 105f 
Scissors, 90-91, 91-92f 
Sclera 
perforation of, 166 
wound healing of, 239-240 
Scleral blades, 107-108f 
Scleral depressors, 105f 
Scleral fixation ring, 88f, 105f 
Screw-type speculums, 87f 
Scrubbing of hands, 20, 144-147, 146f 
Scrub technician, 147 
Seated posture, 53f 
Second intention, wound healing by, 229, 230f 
Sedation, 153-154 
Seeley flat-shaped hydrodissection cannula, 100f 
Seidel test, 221 
Serrefine, 106f 
Sheath hematoma, 222 
Sheets irrigating vectus, 105f 
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Shoulder muscles 
hand stabilization and, 71-72 
shrugging of, 72, 72f 
sustained retraction of, 51f 
work-related disorders involving, 47t 
Silicone oil, 174 
Silk sutures, 112, 114t, 114-115, 241t 
Simple continuous (running) suture, 183, 183f 
Simple interrupted suture, 181, 181f 
Simple square knot, 177-179, 178f 
Simulation 
benefits of, 35 
extraocular, 38 
intraocular, 36-38, 36-39f 
virtual reality, 39-40 
wet laboratory, 35, 35t 
Simulation models 
animal eyes, 36-37f 
human eyes, 36 
model eyes, 36-38, 38f 
styrofoam head, 36, 37f 
suturing, 37, 39f 
SimuloEye, 37 
Sinskey hook, 98f 
Skin preparation, 143-144 
Sleep deprivation, 18-19 
Sleeve-spreading forceps, 95f 
Slit lamp, 55t, 56-57f 
Smooth forceps, 92 
Sodium bicarbonate, 156t, 157 
Sodium hyaluronate, 174 
Soft shell technique, 188, 188f 
Spatula, 99, 99f 
Spatula needles, 117, 117f 
Special procedures, 265-266 
Specimens 
choroidal, 264-265 
ciliary body, 264 
conjunctival, 261-262 
corneal, 262 
Descemet membrane, 263 
enucleation, 264 
evisceration, 264 
exenteration, 264 
eyelid, 261 
formalin-fixed, 257 
frozen, 255-256 
frozen sections, 259, 261 
gross, 266 
handling of, 257, 261-265 
iris, 263-264 
labeling of containers for, 258 
lacrimal, 263 
muscle, 262-263 
orbital tissue, 265 
preoperative preparations for, 255-256 
requisitions for, 258-259, 260f 
retinal tissue, 264-265 
routine, 255-256 
special procedures, 265-266 
temporal artery biopsy, 263 
transportation of, 259 
vitreous, 265 


Speculums, 86, 87f 
Spot size, for lasers, 126 
Stab knife blades, 107f 
Staff, 14 
Stainless steel sutures, 114¢, 115 
Stains, 256, 257t 
Sterile field, 148 
Steri-strips, 250 
Stevens hook, 98f 
Stevens tenotomy scissors, 91f 
Strabismus, after regional anesthesia, 166 
Strabismus surgery 
complications of, 224 
examination after, 220 
postoperative care, 218 
scleral healing in, 240 
success criteria for, 220 
suturing in, 180 
Stress management, 59 
Substance use/abuse, 19-20 
Superior rectus forceps, 93f 
Surgeon 
apology by, 272 
bed positioning for, 70, 71f 
beta-blocker use by, 19 
caffeine use by, 19 
communication by, in operating theater, 21 
disclosure of surgical error to patient, 270-271 
exercise by, 59 
experience of, 8 
familiarization of, 17-18 
feet clearance for, 70, 71f 
flaring of knee by, 70, 71f 
handwashing by, 20 
illness effects on, 20 
instrumentation familiarity of, 18 
magnification level preferences, 80 
operating room fires caused by. See Operating room, 
fires in 
patient’s interaction with, 13, 17 
performance of, 18-20 
physical factors that affect, 18-20 
positioning of, for microscope use, 50f, 68-69 
preparation of, 17-22 
procedure understood by, 18 
resident’s role as, 134-135 
sleep deprivation effects, 18-19 
stress management for, 59 
surgical error effects on, 273-274 
training of, 8 
voice quality of, 21 
Surgeon's knot, 179 
Surgery 
anterior segment. See Anterior segment surgery 
cataract. See Cataract surgery 
concerns before, 4t 
criteria for, 3 
“dry run” before, 18 
eyelid, 218, 220, 224 
glaucoma, 217 
goals of, 12 
laboratory testing before, 12 
laser. See Laser(s) 


orbital, 218, 220, 224 
patient’s expectations about, 3 
patient’s questions about, 29-30 
preoperative medical evaluation, 4-5 
resident in training, 7-8 
side-to-side eye movement during, 75 
temporal approach to, 68-69, 69f 
Surgical bed 
bumping of, 70 
ergonomic practices, 49f 
illustration of, 65f 
lifting/lowering of, 49f 
positioning of, 70, 71f 
Surgical blades 
cataract surgery, 107f 
scleral, 107-108f 
stab knife, 107f 
Surgical case logs, 133-138 
Surgical chair 
armrests on, 51f, 72, 73f 
height of, 72, 72f 
illustration of, 73f 
Surgical errors 
disclosure of, 270-271 
intraocular lens placement, 202 
medicolegal implications of, 271-273 
patient care after, 269-271 
by residents, 273-274 
root-cause analysis for, 272 
surgeon's response to, 273-274 
Surgical instruments. See Instruments 
Surgical loupes 
advantages of, 63, 80 
description of, 63 
disadvantages of, 64 
field of view for, 81 
lighting for, 81 
magnification using, 81 
microscope vs., 80 
working distance with, 81 
Surgical microscope. See Microscope 
Surgical risks 
factors that affect, 4-7 
patient’s understanding of, 12 
types of, 12 
Surgicel, 174 
Suture(s) 
absorbable, 112-114, 113t 
Biosyn, 112, 113t 
braided, 112 
buried interrupted subcutaneous, 184, 184f 
characteristics of, 111 
chromic gut, 113¢, 114, 241t 
classification of, 111-115 
Dexon, 112, 113t 
extraocular surgery, 116t 
gut, 113¢, 114, 241t 
horizontal mattress, 182-183, 183f 
internal structure of, 112 
intraocular surgery, 116t 
material of, 112 
Mersilene, 241t 
monofilament, 111-112 
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multifilament, 111 
near-far vertical mattress, 182, 182f 
nomenclature for, 111 
nonabsorbable, 112, 114t, 114-115 
nylon, 114t, 115, 241t 
polyester, 114¢, 114-115 
polyglactin, 112, 113t, 236, 241t 
polypropylene, 112, 114t, 115 
Polysorb, 112, 113t 
running horizontal mattress, 184, 184f 
running subcuticular, 184-185, 185f 
silk, 112, 114t, 114-115, 241t 
simple continuous (running), 183, 183f 
simple interrupted, 181, 181f 
size of, 115, 116t 
stainless steel, 114t, 115 
tensile strength of, 111 
vertical mattress, 181-182, 182f 
Vicryl, 112, 113¢, 241t 
wound healing affected by, 240-242, 241t 
Suture needles, 115, 117, 117f 
Suture scissors, 91f 
Suturing 
corneal, 180 
needle position for, 179f, 179-180 
principles of, 179-180 
simulation models for, 37, 39f 
in strabismus surgery, 180 


Tamsulosin, 5 
Tape, 250 
Taper point needles, 115, 117f 
TASS. See Toxic anterior segment syndrome 
Telfa, 248-249, 249f 
Temporal approach 
bed positioning for, 70 
surgeon positioning for, 68-69, 69f 
Temporal artery biopsy specimen, 263 
Tennant tying forceps, 94f 
Tenotomy scissors, 91f 
Tensile strength, 111 
Tetracaine, 154, 154t 
Thioflavin stain, 257t 
Third intention, wound healing by, 229 
Thrombin, 173-174 
Throw, 179 
Tilt, 78 
Time-out checklist, 21 
Tissue forceps, 92 
Tissue inhibitors of metalloproteinases, 235 
Tissue plasminogen activator, 234 
Topical anesthesia 
advantages of, 157-158, 158t 
agents for, 154t, 154-155 
application of, 145f 
delivery of, 158 
description of, 13, 157 
disadvantages of, 157-158, 158t 
patient selection for, 157 
Toric reference marker, 102f 
Toxic anterior segment syndrome, 100, 195 
Trabeculectomy, 237f, 244f 
Transition of care, 219-220 
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Tremor. See Hand tremor 
Trendelenburg position, 67, 67f 
Trephines, 103f 

Triamcinolone acetonide, 194 
Trypan blue, 195 

Tying forceps, 92, 94f 


Upper extremity pain, 46, 47t 
Uveal wound healing, 240 
Uveitis, 219 


Vancomycin, 194 
Van Lint block, 164f, 164-165 
Vannas scissors, 92f 
Vascular endothelial growth factor 
antagonists of, 195-196 
description of, 234 
Vasoconstriction, 173 
Verhoeff—van Gieson stain, 257t 
Versed. See Midazolam 
Verteporfin, 123 
Vertical mattress suture, 181-182, 182f 
Vicryl sutures, 112, 113¢, 241t 
Virtual reality simulation training, 39-40 
Viscodissection, 189, 191f 
Viscoelastics 
cohesive 
advantages of, 187 
description of, 187-189 
indications for, 189, 190f 
removing of, 190-191 
viscodissection use of, 189, 191f 
composition of, 187 
dispersive 
advantages of, 187-188 
description of, 187-188 
indications for, 189-190 
injection of, 188, 189f 
properties of, 187 
removing of, 190-191 
soft shell technique for, 188, 188f 
Vitreoretinal surgery, 37, 41, 218, 
221, 224 
Vitreous specimens, 265 
Voluntariness, as informed consent 
precondition, 26 
von Kossa stain, 257t 
VR. See Virtual reality simulation training 


Watzke sleeve-spreading forceps, 95f 

Wavelength of laser, 123f, 123-124 

Westcott conjunctival scissors, 91f 

Westcott tenotomy scissors, 91f 

Williams lacrimal probe, 89f 

Wire retractor, 86f 

Working distance, 81 

Work-related musculoskeletal disorders, 45-46, 47t, 
59-60 

Workstations on wheels, 59 


Wound 
contraction of, 234, 239 
remodeling of, 235 
Wound closure 
description of, 177 
primary, 235, 236f 
simple square knot for, 177-179, 178f 
sutures used in 
buried interrupted subcutaneous, 184, 184f 
horizontal mattress, 182-183, 183f 
near-far vertical mattress, 182, 182f 
running horizontal mattress, 184, 184f 
running subcuticular, 184-185, 185f 
simple continuous (running), 183, 183f 
simple interrupted, 181, 181f 
vertical mattress, 181-182, 182f 
Wound healing 
amniotic membrane in, 242, 242f 
anti-inflammatories effect on, 243 
antiproliferative agents’ effect on, 243, 244f 
corneal, 236-239 
description of, 229 
enhancers of, 242-243 
epithelial cell, 237 
by first intention, 229, 230f 
inflammatory phase of, 233 
modification of, 240-242 
phases of, 230 
practical considerations, 235-236 
proliferative phase of 
angiogenesis, 234 
contraction, 234 
description of, 233-234 
epithelialization, 234 
granulation tissue formation, 233 
reepithelialization, 235-236 
scleral, 239-240 
by second intention, 229, 230f, 235 
summary of, 231-232f 
suture materials’ effect on, 240, 241t 
by third intention, 229 
time needed for, 230 
tissue maturation phase of 
characteristics of, 235 
description of, 235 
uveal, 240 
WOWs. See Workstations on wheels 
Wright-Giemsa stain, 257t 
Wrist, hand stabilization at, 73, 74f 
Wrist rest, 73, 74f 
Wrong-site surgery, 21, 199-201 


Xylocaine. See Lidocaine 


Zeus transport medium, 256t 
Ziegler cilia forceps, 93f 

Ziegler knife, 107f 

Ziegler lacrimal canal probe, 89f 
Ziehl-Neelsen stain, 257t 


